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RCA CMOS 


Microprocessors, Memories and Peripherals 


This DATABOOK contains detailed information on 
CMOS microprocessors, microcomputers, memories 
and peripherals currently available from RCA Solid 
State Division. An Index to Products provides a 
complete listing of types. 


The Index to Products is followed by several pages 
of general product information that includes photo- 
graphs showing package options available; a Product 
Overview that summarizes the basic features of each 
category of products; and a Product Classification 
Chart that groups integrated circuits and systems 
according to product type and intended function. 
The DATABOOK then includes a general discussion 
of Operating and Handling Considerations for CMOS 
Integrated Circuits. 


Seven separate data sections provide definitive 
ratings, electrical characteristics, and user inform- 
ation for the (1) 1800-Series Microprocessors and 
Microcomputers, (2) 6805-Series Microprocessors 
and Microcomputers, (3) CMOS Peripherals, (4) 
CMOS Random-Access Memories (RAMs), (5) 
CMOS Read-Only Memories (ROMs), (6) Develop- 
ment Systems, and (7) System Software. 


Within each data section, data pages for individual 
integrated circuits and systems are grouped in 
alphanumerical sequence by type numbers. 


The DATABOOK also contains Dimensional Outlines 
of all packages in which RCA memory/micropro- 
cessor products are supplied plus a Supplementary 
Information section that describes the RCA Extra 
Value Program, points out high-reliability products 
available from RCA, lists other RCA publications on 
memory/microprocessor products, and shows the 
addresses of RCA Sales Offices, Authorized Distri- 
butors, and Manufacturers’ Representatives. 
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CMOS Microprocessors, Memories and Peripherals 


Index to Products 


Part 
No. 


CDM5332 
CDM5332PE 
CDM5333 
CDM5364,A 
CDM5365 


CDM6116A 
CDM6117A-3 
CDM6118A-3 
CDM6264 
CDM53128 


CDM53256 


CDP1802A, AC 


CDP1802BC 
CDP1804AC 
CDP1804PCE 


CDP1805AC 
CDP1806AC 
CDP1822,C 
CDP1823,C 
CDP1824,C 


CDP1826C 
CDP1831,C 
CDP1832,C 


CDP1833,C,BC 


CDP1834,C 


CDP1835C 
CDP1837C 
CDP1851,C 
CDP1852,C 
CDP1853,C 


CDP1854A,AC 
CDP1855,C 
CDP1856,C 
CDP1857,C 
CDP1858,C 


CDP1859,C 
CDP1863,C 
CDP1866,C 
CDP1867,C 
CDP1868,C 


CDP1869C 
CDP1870C 
CDP1871A,AC 
CDP1872C 
CDP1873C 


CDP1874C 
CDP1875C 
CDP1876C 
CDP1877,C 
CDP1878,C 


Description 
4K x 8 ROM 
4K x 8 ROM 
4K x 8 ROM 
8K x 8 ROM 
8K x 8 ROM 


2K x 8 RAM 
2K x 8 RAM 
2K x 8 RAM 
8K x 8 RAM 
16K x 8 ROM 


32K x 8 ROM 

8-Bit Microprocessor 
8-Bit Microprocessor 
8-Bit Microcomputer 
8-Bit Microcomputer 


8-Bit Microprocessor 
8-Bit Microprocessor 
256 x 4 RAM 

128 x 8 RAM 

32 x 8 RAM 


64 x8 RAM 
512 x 8 ROM 
512 x 8 ROM 
1K x 8 ROM 
1K x 8 ROM 


2K x 8 ROM 

4K x 8 ROM 

Programmable |/O Interface 
Byte-Wide I/O Port 

1 of 8 Decoder 


Programmable UART 

8-Bit Programmable Multiply/Divide Unit 
4-Bit Bus Buffer/Separator 

4-Bit Bus Buffer/Separator 

4-Bit Latch & Decoder Memory Interface 


4-Bit Latch & Decoder Memory Interface 
8-Bit Programmable Counter 

4-Bit Latch & Decoder Memory Interface 
4-Bit Latch & Decoder Memory Interface 
4-Bit Latch & Decoder Memory Interface 


Video Interface System (VIS) 
Video Interface System (VIS) 
Keyboard Encoder, ASCIII Hex 
High-Speed 8-Bit Input Port 
High-Speed Decoder 1 of 8 


High-Speed 8-Bit Input Port 

High-Speed 8-Bit Output Port 

Video Interface System (VIS) 
Programmable Interrupt Controller (PIC) 
Dual-Timer Counter 
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Part 
No. 


CDP1879,C-1 
CDP1881,C 
CDP1882,C 
CDP1883,C 
CDP6402,C 


CDP65C51 

CDP68HCO4P2 
CDP68HCO4P3 
CDP68HCO5C4 
CDP68HCO5D2 


CDP68HC68A1 
CDP68HC68R1 
CDP68HC68R2 
CDP68HC68T1 
CDP6805E2 


CDP6805E3 
CDP6805F2 
CDP6805G2 
CDP6818 
CDP6823 


CDP6848,C 
CDP6853 
CDP65516 
MWS5101 
MWS5101A 
MWS5114 


CDP18S693 
CDP18S694 
CDP18S695 
CDP18S826 
CDP18S827 


CDP18S834 
CDP18S835 
CDP18S839 
CDP18S840 
CDP18S842 


CDP18S843 
CDP18S844 
CDP18S845 
CDP18S852 
CDP18S853 


CDP18S854 
CDP18SUT62 
CDP18SUT63 
CDP18SUT71 
CDPR582 


MS2000A,AE 
MSE3001 
MSE3101 
MSE3102 


MSE3300 
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Index to Products 


Description 
Real-Time Clock 
6-Bit Latch & Decoder Memory Interface 
6-Bit Latch & Decoder Memory Interface 
7-Bit Latch & Decoder Memory Interface 
Programmable UART 


Asynchronous Communications Interface Adapter 
8-Bit Microcomputer 
8-Bit Microcomputer 
8-Bit Microcomputer 
8-Bit Microcomputer 


SPI A/D Converter 
SPI RAM 128 Bytes 
SPI RAM 256 Bytes 
SPI Real-Time Clock 
8-Bit Microprocessor 


8-Bit Microprocessor 

8-Bit Microcomputer 

8-Bit Microcomputer 
Real-Time Clock, MOTEL Bus 
Parallel Interface 


Dual Counter-Timer, MOTEL Bus . 

Asynchronous Communications Interface Adapter 
2K x 8 ROM 

256 x 4 RAM 

256 x 4 RAM 

1K x4 RAM 


Microboard Computer Development System 
Microboard Computer Development System 
Color Microboard Computer Development System 
Fixed-Point Arithmetic Subroutines 

Floating-Point Arithmetic Subroutines 


BASIC1 Compiler/Interpreter 

VIS Interpreter 

PLM-1800 High-Level-Language Compiler 

BASIC2 High-Level-Language Interpreter 
Run-Time BASIC High-Level-Language Interpreter 


Assembler/Editor Upgrade Firmware 

Micro Concurrent PASCAL Cross-Compiler 
MicroDOS Operating System 

Micro Concurrent PASCAL Interpreter/Kernel 
Micro Concurrent PASCAL Interpreter/Kernel 


6800-Series Cross Assemblers 
Utility Firmware 

Utility Firmware 

Utility Firmware 

ROM 


MicroDisk Development System 
MicroEmulator 

32K CMOS Overlay Memory 
64K CMOS Overlay Memory 


MicroEmulator Logic State Analyzer 


Page 
No. 
429 
445 


MPM-854 


PD2000 


IB-3300 
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Product Overview 


RCA offers an all CMOS line of microprocessor, 
microcomputer, memory, and peripheral integrated 
circuits for use in a broad range of diverse indus- 
trial, consumer, and military applications. These 
devices offer the user all the advantages unique to 
CMOS technology, including: 


m@ Low power drain—makes CMOS integrated 
circuits a natural choice for battery-operated 
systems, battery backed-up systems, and sys- 
tems in which heat dissipation is a prime 
consideration. 

@ High noise immunity and wide operating temp- 
erature range (-55°C to +125°C)—allows 
CMOS integrated circuits to be used in the 
most demanding industrial environments. 

m Wide operating voltage range—reduces the 
need for expensive regulated power supplies 
and there-by allows the design engineer 
greater freedom to concentrate on other as- 
pects of system design. 


CDP1800 Series 

The RCA CDP1800 series offers the most com- 
plete line of CMOS microprocessor, microcomputer 
and associated memory and peripheral devices in 
the industry. The heart of the series is the 
CDP1802A central processing unit (CPU). This 
unit, which features CMOS register-based architec- 
ture, offers 16 internal registers to facilitate data 
manipulation and to reduce the need for additional 
devices. The need for external devices is even 
further reduced by use of on-chip clock, DMA, 
and single phase operation. 


The CDP1804A microcomputer incorporates ail 
the features of the CDP1802A augmented by addi- 
tional hardware and increased performance cap- 
abilities. The additional hardware includes 2-kilo- 
bytes of ROM, a 64-byte RAM array, an 8-bit 
presettable down-counter, and 32 additional soft- 
ware instructions which add subroutine call and 
return capability, enhance data transfer manipula- 
tion, control counter modes and interrupt arbitra- 
tion and provide BCD arithmetic capability. 


Also available, are two other 8-bit microprocessors 
that are functional and performance enhancements 
of the CDP1802A. The CDP1805A features an on- 
board RAM and Counter/Timer. The CDP1806A 
has all the features of the CDP1805A, but contains 
no on-board RAM. 


The microprocessor and microcomputer devices 
use CMOS technology, designed on a single chip 
to maintain low power drain. They are intended for 
multi-system applications requiring general-pur- 
pose CPU-s, large memory address space, and 
extensive external I/O for use with optimized 
peripherals. 


RCA’s CDP1800-series memory/microprocessor 
product line offers the system designer exceptional 
flexibility in hardware/software tradeoffs. In addi- 
tion to microprocessors and microcomputers, this 
product line includes a hardware multiply/divide 
unit (MDU), a programmable I/O, video and key 


board interface circuits, latches and decoders, uni- 
versal asynchronous receiver-transmitters (UARTs), 
buffers, separators, and a broad complement of. 
directly interfaceable random-access memories 
(RAMs) and read-only memories (ROMs). 


CDP6800 Series 

RCA also offers the CDP6800 family of CMOS 
microprocessors, microcomputers, and peripherals 
primarily intended for single-chip system applica- 
tions requiring limited space, minimum memory, 
on-board 1/O, and minimum external I/O. The 
series offers pin-for-pin replacements for Motor- 
ola’s MCI46805, MC68HCO5 and MC68HC04 series 
of microprocessors, microcomputers, and peripher- 
als. This family of parts includes the CDP6805E2 
8-Bit Microprocessor; the CDP6805F2 8-Bit Micro- 
computer (1K ROM); the CDP6805G2 8-Bit Micro- 
computer (2K ROM); the CDP68HCO5D4 and 
CDP68HCO5D2 8-Bit Microcomputers featuring 
on-chip ROM, RAM, 16-bit timer, asynchronous 
serial communications interface (CDP68HCO5D2), 
synchronous serial peripheral interface, and 24 bi- 
directional I/O lines; the CDP68HCO4P2 and 
CDP68HCO4D4P3 8-Bit Microcomputers contain- 
ing on-chip clock, ROM, RAM, I/O and timer; the 
CDP68HC68T1 Serial Real-Time Clock/RAM; the 
CDP68HC68R1 and CDP68HC68R2 Serial Peri- 
pheral Interface (SPI) RAMs; the CDP68HC68A1 
10-Bit A/D Converter; the CDP6818 Real-Time 
Clock plus RAM; the CDP6823 Parallel Interface 
1/O; and the CDP65516 2Kx8 Mask Programmable 
ROM. Additional types will be added as they be- 
come available. 


General-Purpose Memories 

In addition to the memories designed to interface 
directly with CDP1800-series microprocessors and 
microcomputers, RCA also offers a line of general- 
purpose memories. These memories include indus- 
try-standard ROMs that can be mask-programmed 
to meet customer application requirements. These 
ROMs feature: low-power CMOS technology with 
high-noise immunity and full-temperature-range 
characteristics; space-efficient NAND stack mem- 
ory cells providing small chip size for cost effective- 
ness; and JEDEC standard pin outs for interchange- 
ability with industry-standard NMOS ROMs and 
EPROMs. 


The list of memories also includes fully static 
CMOS RAMs with densities up to 8K-bytes, low 
operating power, low standby current, and mem- 
ory retention for 2-volt minimum standby battery 
voltage. 


Memory/Microprocessor 

Surface-Mounted Packages 

RCA’s broad CMOS memory/microprocessor pro- 
duct line now includes standard CDP- and CDM- 
series chips in a new generation of IC miniaturized 
packages. 


Microprocessors, microcomputers, memories, and 
peripherals are now offered in two versions of the 
surface-mounted-package configuration as follows: 
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= Small-outline package (SOP) 
w Plastic chip-carrier (PCC) 


The smal-outline package (SOP) will be offered in 
24- and 28-lead versions with 50-mil lead centers; 
the plastic chip-carrier (PCC) will be offered as a 
44-lead package with 50-mil lead centers. 


Extra-Value Product 


Most RCA memory/microprocessor parts are offer- 
ed with burn-in to enhance commercial reliability. 
This cost-effective approach is provided by the 
RCA Extra Value Program (EVP). Extra-value pro- 
duct is identified with the suffix “X’, e.g., 
CDP1802ACEX. 


Microprocessor Development Systems 


RCA offers a full line of software development sys- 
tems for the CDP1800- and CDP6805-series of 
microprocessors and microcomputers including 
three tape-based and one disk-based system. The 
entry-level tape-based system allows code develop- 
ment for the CDP1800 series using BASIC3, a high 
level language. The second system adds an assem- 
bler-editor for the CDP1800 series and optionally 
an assembler for the CDP6805. The top of the line 
tape system includes a color video terminal. The 
disk-based system uses 3'%-inch, high-density, 
micro/floppy disks for program storage. System 
memory is 62K-bytes of RAM and a 2kK-byte utility 
ROM. Software included in the system is: a macro 
assembler for the CDP1800 series and optionally 
for the CDP6805 series: all necessary disk utilities; 
two CDP1800 series high-level languages, BASIC2 
and PLM-1800; and an editor. The editor when 
used with any standard terminal is a single line 
editor. When used with the RCA CDP18S040 ter- 
minal on the MSE3001 emulator (in the terminal 
mode) the editor becomes a full screen editor. 


The RCA MicroEmulator MSE3001 is a powerful, 
self-contained, portable emulator for simplifying 
the develcpment and debugging of CDP1800 series 
microprocessor software and hardware systems. 


As a debugging tool it is used to stop on a condi- 
tion, check the status of the system under test, 
modify its state, and continue executing. It operates 
without the use of any other equipment. As a data 
terminal, it provides full-screen editing capability 
and is particularly suited for operation with the 
RCA 3%-inch Microdisk Development System, 
MS2000A. 


The MicroEmulator has an 80-character by 24-line 
cathode-ray tube that displays sufficient data for a 
full analysis. It has a full ASCII keyboard plus 
special function keys for full-screen editing and 
soft keys for command entry. The soft keys are 
defined on the bottom row of the screen and 
change labels and functions to suit each new task. 


The MicroEmulator is a “user-friendly” system. It 
provides the user with several options for entering 
commands including full-screen editing. It detects 
errors instantaneously, flags them with English 
error messages, and restores the original data for 
reentry. The user may enter a command word by 
striking one soft key or, if touch typing is pre- 
ferred, by abbreviating the command word. The 
MicroEmulator always prompts the user for com- 
mand data. Experienced users, however, need not 
wait for prompts and may proceed as rapidly as 
desired. 


The MSE3001 is a versatile, self-contained instru- 
ment that can be used very efficiently not only in 
system design and development, but also in factory 
testing and field servicing. 


For the tape-based systems RCA offers a line 
editor and assemblers for the CDP1800- and 
CDP6805-series processors; BASIC3 for the 
CDP1800 series; PROM programmer software; and 
system utilities. For the disk-based system macro 
assemblers for the CDP1800 and CDP6805 series; 
a line or full-screen editor; BASIC2, PLM-1800; 
fixed point math routines; floating point math rou- 
tines; disk operating system; BASIC1; and a utility 
are available. Pascal compilers which will generate 
code for the CDP1800 series are available for 
many minicomputers and mainframes. 
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Product Classification Chart 


Part Number Description Page No. Part Number Description Page No. 
Microprocessors Peripherals (Cont'd) 
CDP1802A,AC 8-Bit 15 CDP1855,C 8-Bit Programmable Multiply/ 332 
CDP1802BC _—8-Bit 36 Divide Unit (MDU) 
CDP1805AC 8-Bit with RAM and Counter/ 85 CDP1856,C 4-Bit Bus Buffer/Separator 345 
Timer CDP1857,C 4-Bit Bus Buffer/Separator 345 
CDP1806AC _—8-Bit with RAM and Counter/ 85 
Timer CDP1869C Video Interface System (VIS) 371 
CDP6805E2 8-Bit with RAM, I/O, Counter/ 201 CDP1870C Video Interface System (VIS) 371 
Timer CDP1876C Video Interface System (VIS) 371 
CDP6805E3 8-Bit with RAM, I/O, Counter/ 234 
Timer CDP1871A,AC Keyboard Encoder, ASC111 Hex 390 
CDP1863,C 8-Bit Programmable Counter 357 
. CDP1878,C Dual Counter-Timer 416 
Microcomputers CDP1879,C-1 Real-Time Clock 429 
CDP1804AC _8-Bit with RAM, ROM, Counter/ 56 CDP6818 Real-Time Clock with RAM, 500 
Timer MOTEL Bus 
CDP1804PCE __‘8-Bit 84 CDP6848,C Dual Counter-Timer, MOTEL Bus 533 
CDP68HCO04P2 8-Bit with RAM, ROM, I/O, 110 CDP68HC68T1 SPI Real-Time Clock 482 
’ Counter/Timer 
CDP68HCO04P3 8-Bit with RAM, ROM, I/O, 110 CDP1877,C Programmable Interrupt Controller 407 
Counter/Timer 
CDP68HC05C4 8-Bit with RAM, ROM, I/O, 113 CDP68HC68A1 SPI A/D Converter 480 
Counter/Timer 
CDP68HCO05D2 8-Bit with RAM, ROM, I/O, 198 RAMs 
Counter/Timer 
CDP6805F2 _—8-Bit with RAM, ROM, I/O, 236 CDP1822,C = 256 x4 595 
Counter/Timer CDP1823,C 128 x 8 601 
CDP6805G2 _—8-Bit with RAM, ROM, |/O, 262 CDP1824,C = 32x 8 607 
Counter/Timer CDP1 826C 64 x 8 613 
CDM6116A 2K x 8 574 
: CDM6117A-3 2Kx8 579 
Peripherals CDM6118A-3. 2K x8 584 
CDP1851,C Programmable I/O Interface 291 CDM6264 8K x 8 : 589 
CDP1852,C —Bytte-Wide 1/O Port 303 MWS5101 256 x 4 626 
CDP1872C _8-Bit Input Port 398 MWSS101A 256 x 4 635 
CDP1874C _8-Bit Input Port 398 MWS5114 1K x4 642 
D ext 
CDP6a23 Paral elinietecs 318 CDP68HC68R1 SPI RAM 128-Bytes 621 
CDP68HC68R2 SPI RAM 256-Bytes 621 
CDP1853,C 1 of 8 Decoder 311 
CDP1858,C 4-Bit Latch & Decoder 350 
CDP1859,C —-4-Bit Latch & Decoder 350 Mask-Programmable ROMs 
CDP1866,C 4-Bit Latch & Decoder 363 CDM53128 16K x 8 670 
CDP1867,C 4-Bit Latch & Decoder 363 CDM53256 32K x 8 675 
CDP1868,C 4-Bit Latch & Decoder 363 CDM5332 4K x8 653 
CDP1873C 1 of 8 Binary Decoder 403 CDM5332PE 4Kx8 84 
CDP1881,C 6-Bit Latch & Decoder 445 CDM5333 4K x8 653 
CDP1882,C 6-Bit Latch & Decoder 445 CDM5364,A 8K x8 659 
CDP1883,C 7-Bit Latch & Decoder 451 CDM5365 8K x 8 665 
CDP1854A, AC Programmable UART 315 CPD1831,C 512x8 680 
CDP6402,C Programmable UART 456 CDP1832,C 512x 8 684 
CDP65C51 Asynchronous Communications 464 CDP1833,C,BC 1K x8 687 
Interface Adapter CDP1834,C 1K x8 691 
CDP6853 Asynchronous Communications 548 CDP1835C 2K x 8 694 
Interface Adapter, (ACIA), CDP1837C 4K x8 700 
MOTEL Bus CDP65516 2K x 8 706 
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Part Number _ Description Page No. Part Number Description Page No. 
Development Systems 
CDP18S693 Microboard Computer 716 CDP18S843 Assembler/Editor Upgrade 765 
Development System Firmware 
CDP18S694 Microboard Computer 716 CDP18S844 Micro Concurrent PASCAL 766 
Development System Cross-Compiler 
CDP18S695 Color Microboard Computer 724 CDP18S845 MicroDOS Operating System 772 
Development System CDP18S852 Micro Concurrent PASCAL 766 
CDP18S826 Fixed-Point Arithmetic 752 Interpreter/Kernel 
Subroutines CDP18S853 Micro Concurrent PASCAL 766 
CDP18S827 Floating-Point Arithemtic 753 Interpreter/Kernel 
Subroutines 
CDP18S854 6800-Series Cross Assemblers 773 
CDP18S834 BASIC1 Compiler/Interpreter 754 MS2000A,AE MicroDisk Development System 729 
CDP18S835 VIS Interpreter 756 MSE3001 MicroEmulator 733 
CDP18S839 PLM-1800 High-Level-Language 757 MSE3101 32K CMOS Overlay Memory 734 
Compiler MSE3102 64K CMOS Overlay Memory 734 
CDP18S840 BASIC2 High-Level-Language 760 
Interpreter MSE3300 MicroEmulator Logic State 735 
CDP18S842 Run-Time BASIC High-Level- 763 Analyzer 


Language Interpreter 
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Operating and Handling Considerations 


RCA CMOS Integrated Circuits 


This Note summarizes important operating recom- 
mendations and precautions which should be followed in 
the interest of maintaining the high standards of 
performance of solid state devices. 

The ratings included in RCA Solid State Devices data 
bulletins are based on the Absolute Maximum Rating 
System, which is defined by the following Industry 
Standard (JEDEC) statement: 

Absolute-Maximum Ratings are limiting values of 

operating and environmental conditions applicable to 

any electron device of a specified type as defined by its 
published data, and should not be exceeded under the 
worst probable conditions. _ 
The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no 
responsibility for equipment variations, environmental 
variations, and the effects of changes in operating 
conditions due to variations in device characteristics. 

The equipment manufacturer should design so that 
initially and throughout life no absolute-maximum value 
for the intended service is exceeded with any device under 
the worst probable operating conditions with respect to 
supply voltage variation, equipment component variation, 
equipment control adjustment, load variation, signal 
variation, environmental conditions, and variations in 
device characteristics. 

It is recommended that equipment manufacturers 
consult RCA whenever device applications involve 
unusualelectrical, mechanical or environmental operating 
conditions. 


General Considerations 
The design flexibility provided by these devices makes 


possible their use in a broad range of applications and 
under many different operating conditions. When 
incorporating these devices in equipment, therefore, 
designers should anticipate the rare possiblity of device 
failure and make certain that no safety hazard would 
result from such an occurence. 

The small size of most solid state products provides 
obvious advantages to the designers of electronic 
equipment. However, it should be recognized that these 
compact devices usually provide only relatively small 
insulation area between adjacent leads and the metal 
envelope. When these devices are used in moist or 
contaminated atmospheres, therefore, supplemental 
protection must be provided to prevent the development 
of electrical conductive paths across the relatively small 
insulating surfaces. 

The metal shells of the TO-S5 style package often used 
for integrated circuits usually has the substrate or most 
negative supply voltage connected to the case. Therefore, 
consideration should be given to the possibility of shock 
hazard if the shells are to operate at voltages appreciably 
above or below ground potential. In general, in any 
application in which devices are operated at voltages 
which may be dangerous to personnel, suitable 


precautionary measures should be taken to prevent direct 
contact with these devices. 

Devices should not be connected into or disconnected 
from circuits with the power on because high transient 
voltages may cause permanent damage to the devices. 


TESTING PRECAUTIONS 


In common with many electronic components, solid- 
state devices should be operated and tested in circuits 
which have reasonable values of current limiting 
resistance, or other forms of effective current overload 
protection. Failure to observe these precautions can 
Cause excessive internal heating of the device resulting in 
destruction and/or possible shattering of the enclosure. 


Mounting 


Integrated circuits are normally supplied with lead-tin 
plated leads to facilitate soldering into circuit boards. In 
those relatively few applications requiring welding of the 
device leads, rather than soldering, the devices may be 
obtained with gold or nickel plated Kovar™ leads.* It 
should be recognized that this type of plating will not 
provide complete protection against lead corrosion in the 
presence of high humidity and mechanical stress. 


™Trade Name: Westinghouse Corp. 
* Mil-M-38510A, paragraph 3.5.6.1(a), lead material 


The aluminum-foil-lined cardboard “sandwich pack” 
employed for static protection of the flat-pack also 
provides some additional protection against lead 
corrosion, and it is recommended that the devices be 
stored in this package until used. 

When integrated circuits are welded onto printed 
circuit boards or equipment, the presence of moisture 
between the closely spaced terminals can result in 
conductive paths that may impair device performance in 
high-impedance applications. It is therefore recommended 
that conformal coatings or potting be provided as an 
added measure of protection against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and 
clamped between the bend and the package seal, and that 
bending be done with care to avoid damage to lead 
plating. In no case should the radius of the bend be less 
than the diameter of the lead, or in the case of rectangular 
leads, such as those used in RCA 14-lead and 16-lead 
flat-packages, less than the lead thickness. It is also 
extremely important that the ends of the bent-leads be 
straight to assure proper insertion through the holes in 
the printed-circuit board. 


Handling 


All CMOS gate inputs have a resistor/diode gate 
protection network. All transmission gate inputs and all 
outputs have diode protection provided by inherent p-n 
junction diodes. These diode networks at input and 
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Operating and Handling Considerations (Cont'd) 


output interfaces protect CMOS devices from gate-oxide 
failure in handling environments where static discharge is 
not excessive. In low-temperature, low-humidity 
environments, improper handling may result in device 
damage. See ICAN-6525, “Handling and Operating 
Considerations for MOS Integrated Circuits”, for proper 
handling procedures. 


Operating 
Unused Inputs 


All unused input leads must be connected to either Vss 
or VDD, whichever is appropriate for the logic circuit 
involved. A floating input on a high-current type not only 
can result in faulty logic operation, but can cause the max- 
imum allowable power dissipation to be exceeded and may 
result in damage to the device. Inputs to these types, which 
are mounted on printed-circuit boards that may temporar- 
ily become unterminated, should have a pull-up resistor to 
Vss or VppD.A useful range of values for such resistors is 
from 10 kilohms to | megohm. 


Input Signals 


Signals shall not be applied to the inputs while the 
device power supply is off unless the input current is 
limited to a steady state value of less than 10 milliamperes. 
Input currents of less than 10 milliamperes prevent device 
damage; however, proper operation may be impaired as a 
result of current flow through structural diode junctions. 


Output Short Circuits 


Shorting of outputs to Vss or VDD can damage many of 
the higher-output-current CMOS types. In general, these 
types can all be safely shorted for supplies up to 5 volts, 
but will be damaged (depending on type) at higher power- 
supply voltages. For cases in which a short-circuit load, 
such as the base of a p-n-p or an n-p-n bipolar transistor, 


is directly driven, the device output characteristics given 
in the published data should be consulted to determine 
the requirements for a safe operation. 

For detailed CMOS IC operating and handling 
considerations, refer to Application Note ICAN-6525 
“Handling and Operating Considerations for MOS 
Integrated circuits”. 


IC Chips 


Integrated-circuit chips, unlike packaged devices, are 
non-hermetic devices, normally fragile and small in 
physical size, and therefore, require special handling 
considerations as follows: 

1. Chips must be stored under proper conditions to 
insure that they are not subjected to a moist and/or 
contaminated atmosphere that could alter their 
electrical, physical, or mechanical characteristics. 
After the shipping container is opened, the chip must 
be stored under the following conditions: 

A. Storage temperature, 40°C. 
B. Relatively humidity, 50% max. 
C. Clean, dust-free environment. 

2. The user must exercise proper care when handling 
chips to prevent even the slightest physical damage to 
the chip. 

3. During mounting and lead bonding of chips the user 
must use proper assembly techniques to obtain 
proper electrical, thermal, and mechanical 
peformance. 

4. After the chip has been mounted and bonded, any 
necessary procedure must be followed by the user to 
insure that these non-hermetic chips are not subjected 
to moist or contaminated atmosphere which might 
cause the development of electrical conductive paths 
across the realtively small insulating surfaces, In 
addition, proper consideration must be given to the 
protection of these devices from other harmful 
environments which could conceivably adversely 
affect their proper performance. 
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Package and Ordering Information 


Packages 


D Suffix . 
Dual-In-Line Size-Brazed Ceramic Packages 


16-, 18-, 22-, 24-, 28-, and 40-lead versions 


E Suffix 
Plastic Dual-In-Line Packages 


16-, 18-, 22-, 24-, and 40-lead versions 


Q Suffix 
Plastic Chip-Carrier 


44-Lead version 


Ordering Information 


RCA CMOS microprocessor and memory integrated 
circuits are available in one or more of the following 
package styles and are identified by the Suffix Letters 
indicated: dual-in-line side-brazed ceramic, dual-in-line 
welded-seal ceramic, dual-in-line plastic, flat-pack ceramic, 
leadless chip-carrier ceramic and in chip form. The 


D Suffix 
Dual-in-Line Welded-Seal Ceramic Packages 


16- and 24-lead versions 


N Suffix 
Small-Outline Plastic Package (S.O.P.) 


24- and 28-lead versions 


SUFFIX 
PACKAGE LETTERS 


Dual-In-Line Welded-Seal or 
Side-Brazed Ceramic 

Dual-In-Line Plastic 

Small-Outline Plastic 

Plastic Chip-Carrier 


available package styles for any specific type are given in 
the technical data for that type. 


When ordering CMOS devices, it is important that the 
appropriate suffix letter be affixed to the type number of 
the device required. For example, a CDP1802A in a dual- 
in-line ceramic package will be identified as the 
CDP1802AD. 


1800-Series 
Microprocessors and 
Microcomputers 


Technical Data 


RCA CMOS 8-BIT MICROPROCESSORS/MICROCOMPUTERS 


OPER. 
DIRECT . | INSTRUCTION TIMER/ TEMP. 
TIME PRE- RANGE PIN 
DEVICE EXTERNAL MIN/MAX. COUNTER | ccaLer DEG.C | I/O LINE |COUNT 
MEM. BITS 
K-BYTES (MAX. 
RATING) 
CDP1802A 5.0/7.5 -55 to +125 40 
CDP1802B 3.2/4.8 55 to +125 40 
CDP1804A 3.2/16.0 -55 to +125 40 
CDP1805A 3.2/16.0 3 -55 to +125 40 
CDP1806A 3.2/16.0 55 to +125 40 
CDP6805E2 2.0/10.0 Oto +70 40 
-40 to+ 85 
CDP6805E3 2.0/10.0 Oto + 70 40 
-40 to + 85 
CDP6805F2 2.0/10.0 . Oto + 70 28 
~-40 to+ 85 


CDP6805G2 ; 2.0/10.0 Oto+ 70 40 
CDP68HC05D2* .95/5.23 -55 to +125 40 SPI 

CDP68HC05C4* .95/5.23 -55 to +125 40 SPI/SCI 
CDP68HC04P2 8.7/21.8 Oto+ 70 28 


CDP68HC04P3 8.7/21.8 Oto+ 70 28 


(*) Multiply Instruction in the 6HCO5D2 and 68HC05C4 
(v) Vectored address 


vi 
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1800-Series Microprocessors and Microcomputers 


Features: 


92C8-27467Ri 


Terminal Assignment 


The RCA-CDP1802A LSI CMOS 8-bit register-oriented 
central-processing unit (CPU) is designed for use as a 
general-purpose computing or control element in a wide 
range of stored-program systems or products. 


The CDP1802A includes all of the circuits required for 
fetching, interpreting, and executing instructions which 
have been stored in standard types of memories. Extensive 
input/output (I1/O) control features are also provided to 
facilitate system design. 


The 1800 series architecture is designed with emphasis on 
the total microcomputer system as an integral entity so that 
systems having maximum flexibility and minimum cost can 
be realized. The 1800 series CPU also provides a syn- 


copies2 
INPUT PORT CS2 


DATA CSI 


CcOPI802 
8-BIT CPU 


DATA 


COPI8S2 
OUTPUT PORT 
CLOCK 
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CMOS 8-Bit Microprocessor 


s Minimum instruction fetch-execute time of 5 us 
or 7.5 us at Vpp=5 V: 2.5 us or 3.75 us at Vpp=10 V 
s Any combination of standard RAM and ROM up to 65,536 bytes 
= Operates with slow memories, up to 1 us access time at fo, =4 MHz 
= 8-bit parallel organization with bidirectional 
data bus and multiplexed address bus 
s 16 x 16 matrix of registers for use as 
multiple program counters, data pointers, or data registers 
# On-chip DMA, interrupt, and flag inputs 
= Programmable single-bit output port 
a 97 easy-to-use instructions 


chronous interface to memories and external controllers 
for |/O devices, and minimizes the cost of interface con- 
trollers. Further, the |/O interface is capable of supporting 
devices operating in polled, interrupt-driven, or direct 
memory-access modes. 


The CDP1802A and CDP1802AC are functionally identical. 
They differ in that the CDP1802A has a recommended 
operating voltage range of 4 to 10.5 volts, and the 
CDP1802AC a recommended operating voitage range of 4 
to 6.5 volts. 


These types are supplied in 40-lead dual-in-line side- 
brazed ceramic packages (D suffix), and 40-lead dual-in- 
line plastic packages (E suffix). The CDP1802AC is also 
available in chip form (H suffix). 


ADDRESS BUS 


COPI824 
32 BYTE RAM 


92CM- 3466)RI 


Fig. 1 - Typical CDP1802A small microprocessor system. 


File Number 1305 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp): 
(All voltages referenced to Vss terminal) 


CMOS Microprocessors, Memories and Peripherals 


COPTE02A) snkich bccne yc Manes aenwne Peas moneda kone een ar ele Rome Dineen nok ieaiaha ea thleoiedensetyats —0.5 to+11V 

COP ISO CAG eos arid atet tenrabcrae waite eLearn Anka deatneeeeeaee hye Mvint he AU awe a oie Soe Row we Minne ae ece eeuGueen es —0.5to+7V 
INPUT VOLTAGE RANGE-ALL INPUTS: $idcssiscs pug oy eek eciacicawete ea detue tines seamebasae sa deGoeeuetaarcdes —0.5 to Vpp +0.5 V 
DCAINPUT CURRENT, ANY ONE INPUT \.c¢csccsccuscaceren Cates cataan tbe swaedesueG Se buee Pek ose NINwNd essen wens tessa taous +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr TA=—40 to-F60°C (PACKAGE TYPE ©) ccscss vnc decode scan iiea yer ie 556 tie Oe Viel cava nas dade aoe solar bax 500 mW 

For Ta=+60 to +85°C (PACKAGE TYPE E) ......... cc cece ence cect eee eens eneeteeseeeenes Derate Linearly at 12 mW/°C to 200 mW 

FOr TA=-o0 to:1100°C (PACKAGE TYPE D) e520. 5.0G5e ie vent eek e ace o NSA SEINE OG R OL aa eRe UL ee ei 500 mW 

For Ta=+100 to +125°C (PACKAGE TYPE D) ......... cc cece cece cece seen eee e enone reer ee Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta=FULL PACKAGE-TEMPERATURE RANGE ........... cece cece cece cere eet e eet ee teen teens terete esteeteeeeneees 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE WYRE Debs tcccicvinmaguaeanutete sani tau sais ib aunt ade a Hea ew aaa eee eed seas aera eee ramets —55 to +125°C 

PACKAGE TYREE 65. wet bcc anana tno waeeout ok doce ne kg ea Ciena tar Rae BA wie ares ey EH PR RIT ME Cae gay DoT wa bee Shaw aah —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) oc cccecccece ee ene sence ener een e eee eee nese nese ses es eee eseetetensereses —65 to +150°C 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16+1/32 in. (1.59+0.79 mm) from case for 10S MAX.  ..... cece cece ccc cece eee e rete eeeeeteeeeveseseeenees +265°C 


OPERATING CONDITIONS at Ta=-40°C to +85°C 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


CONDITIONS LIMITS 


CHARACTERISTIC 


DC Operating Voltage 
Range 
Input Voltage Range 


Maximum Clock Input Rise 
or Fall Time, tr, tf 4to 10.5 | 4to 10.5 


Minimum Instruction Time2 


Maximum DMA Transfer 


Rate second 


Maximum Clock Input 
Frequency, fo_, Load 
Capacitance (Ci_.)=50 pF 


1Voc must never exceed Vpp. . 
2Equals 2 machine cycles—one Fetch and one Execute operation for all instructions except Long Branch and Long Skip, which require 3 
machine cycles—one Fetch and two Execute operations. , 


PRPS EHH LOAD CAPACITANCE (C) * 50 pF #00) AMBIENT TEMPERATURE (Ta)= 26°Ch ttt 
— BEC HEEEEEHH HH BOOS GEGGGGGSS0SSUGRGORee noes saan 
an LE pt EE 0 ee saueuen 


Sones 
SERS RSReeeeeee SASRS AESEE BRAS AESESE SESSA BPSBA ARES 
anes sae an aan snan LA 


= 
Cee. sae 
SRE See 
COC 


TRANSITION TIME (tTHL. tTLH)—ns 


N 
= 
z 
| 
~ 
= 
5) 
oe 
— 
> 
3 
uo 
3 
= 
2 
= 
3 
a 
% 
& 


75 5 0 25 50 75 100—s«125 50 §=175 200 
7 AMBIENT TEMPERATURE (Ta) —°C LOAD CAPACITANCE (Ci_)— pF 
92CS- 29596 
92CS-33866 
Fig. 2 - Typical maximum clock frequency Fig. 3 - Typical transition time vs. load 


as a function of temperature. capacitance. 
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1800-Series Microprocessors and Microcomputers 


STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, except as noted. 


CONDITIONS LIMITS 


VOUT 


CHARACTERISTIC 


Quiescent Device Current Ipp 


Output Low Drive (Sink) 
Current IOL 
(Except XTAL) 


ar 


| 010 | 10 | 22 | 


(=) 
> 


ALERT ES HE : 
—Z 


Output High Drive (Source) 
Current 


Output Voltage 

Low-Level VO 
Output Voltage 

High Level VOH 


Input Low Voltage VIL 


Input High Voltage 


CLEAR Input Voltage 
Schmitt Hysteresis 


VH 


2 
input Leakage Current: Ain Any aS i a ee ee es 
Input | 0,10 | | 10 | — | +104 | | +1 | == = es 
A 
2-State Output Leakage 2 ee eee . 
Current lout Po [| — | sot st 


a ON SDP 
f=3.2 MHz mA 
Minimum Data Retention fate fel 
Voltage Vor YOD=YOR 


[Data Retention Current IpR_ | = Vop=24V | 008. | 
input Capacitance CIN ee Gee" PE 


Output Capacitance Court 


*Typical values are for Ta=25°C and nominal Vop. 
DRAIN~TO-SOURCE alr NBsrey 

10 = «-9 ~8 -7 6 -5 -2 -| fe) 

PEE EE 


SUREE BREE R ERR eR Bees eee eee eee suas seeneae” ~ a 
PREECE HEE EEE EE ee gap ee ae A) 


as>-—.0Se0s See ry! 
aap 


35 SSSRSSORRE SABES SSR ROUSE OEESR REAR Rese 
SESE E BERS SEARS CBRE AOR SOOPER Reese eee 


a 
seuean Ld 
Seeneeenu GATE-TO-SOURCE VOLTAGE (Vgs)# ‘ou 4 


Sesseencnuaumene GREEUBEes?~ ~asaeeEReneNn 
SERSS 00508 ESSE SeESES>—-ccneEe ASSEN 

BauEa poe aan aGGRE EEE ERE 
auaesauee Bon — «aGUGS BRERS ERE eee 
Pett AMBIENT TEMPERATURE=~40 TO+85°C [1] 
Guene GS000 0000050800 555S0uGsGReuRGeSnunE 
SUBEE REBECA 


_ 
SEO88 SRR Ee CURE Reese _ 
Sa00e7 4dGGeCeeeeeeeseecenaaecemana eH 
Bay (Sse S0080 00000 00R00SR5000055500555 


SOoeeoenoee SVE 
Sepeeuerese HH coor Seeeesenees 


22 SPSS S Sees Se SSSR eee 
PACE EE EEE EEE et tt 
ie) | 2 3 4 5 6 7 8 9 10 
DRAIN-TO-SOURCE VOLTAGE (Vpng) -V 
92CS- 31864 


OUTPUT HIGH (SOURCE) CURRENT (Igy4)-mA 


92cs-31863 
Fig. 4 - Minimum output high (source) current characteristics. Fig. 5 - Minimum output low (sink) current characteristics. 
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AMBIENT TEMPERATURE (Ta)= 25°C BEE 3] 
Y] 22 


Cena (ans ED GA 
= 
+ || 


PROPAGATION DELAY TIME (Atp_y, Atpy_)— ns 


SPEC O 
NOTES: Q.0) : 10 VALUE es ‘ 
say peer eaten CLOCK INPUT FREQUENCY (f¢))—MHz AT 50 pf SLOAD CAPACITANCE (ACL )— pF NOTE: ANY OUTPUT 
BRANCH =" 3707°AT M(8107) 920$- 29549 EXCEPT XTAL 
C= 50 pF 92CS- 29598 
Fig. 6 - Typical power dissipation as a function of clock Fig. 7 - Typical change in propagation delay as a 
frequency for BRANCH instruction and IDLE instruction. function of a change in load capacitance. 


1/0 REQUESTS 

MEMORY ADDRESS LINES I/O FLAGS pai 
DMA 
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p MK nes 
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CONTROL AND sci fees 
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DECODE 
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OMMANDS 
N2 
8-BIT BIDIRECTIONAL DATA BUS 
Fig. 8 - CDP1802A block diagram. 
92CM-34668RI 


ye et FETCH (REAO) ee EXECUTE (WRITE ) Reema 
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Fig. 9 - Basic dc timing waveforms, one instruction cycle. 
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SIGNAL DESCRIPTIONS 


BUS 0 to BUS 7 (Data Bus): 


8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and |/O devices. 


NO to N2 (I/O) Lines): 


Activated by an I/O instruction to signal the 1/O control logic 
of a data transfer between memory and I/O interface. These 
lines can be used to issue command codes or device 
selection codes to the I/O devices (independently or 
combined with the memory byte on the data bus when an I/O 
instruction is being executed). The N bits are low at all times 
except when an I/O instruction is being executed. During 
this time their state is the same as the corresponding 
bits in the N register. 


The direction of data flow is defined in the 1/O instruction by 
bit N3 (internally) and is indicated by the level of the MRD 
signal. 

=Vcc: Data from I/O to CPU and Memory 
MRD=Vss: Data from Memory to |/O 


EF1 to EF4 (4 Flags): 


These inputs enable the !/O controllers to transfer status 
information to the processor. The levels can be tested by the 
conditional branch instructions. They can be used in con- 
junction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to “call the attention” of the processor, in which case 
the program must routinely test the status of these flag(s). 
The flag(s) are sampled at the beginning of every S1 cycle. 


INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 


These inputs are sampled by the CDP1802A during the 
interval between the !eading edge of TPB and the leading 
edge of TPA. 


Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to 0 (inhibit); and instruction 
execution is resumed. The interrupt action requires one 
machine cycle (S3). 


DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into or 
read out of memory; and increment R(0). 


Note: inthe event of concurrent DMA and Interrupt requests, 
DMA-IN has priority followed by DMA-OUT and then 
interrupt. 


SCO, SC1, (2 State Code Lines): 


These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid at 
TPA. H=Vcoc, L=Vss. 


State Code Lines 


L 
L 


State Type 


S1 (Execute) 


| sco_ 
anes 
a 


S3 (interrupt) 


TPA, TPB (2 Timing Pulses): 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by !/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA is 
suppressed in IDLE when the CPU is in the load mode. 


MAO to MA7 (8 Memory Address Lines): 


Ineach cycle, the higher-order byte of a 16-bit CPU memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low- 
order byte of the 16-bit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of 64K bytes. 


MWR (Write Pulse): 


A negative pulse appearing ina memory-write cycle, after the 
address lines have stabilized. 


MRD (Read Level): 


A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory which may have a common data input and output 
bus. Ifamemory does not have a three-state high-impedance 
output, MRD is useful for driving memory/bus separator 
gates. It is also used to indicate the direction of data transfer 
during an !/O instruction. For additional information see 
Table I. 


Q: 


Single bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction 
execution, Q is set or reset between the trailing edge of TPA 
and the leading edge of TPB. 


CLOCK: 


Input for externally generated single-phase clock. A typical 
clock frequency is 6.4 MHz at VCC= Vpp=10 volts. The 
clock is counted down internally to 8 clock pulses per 
machine cycle. 


XTAL: 


Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL) in parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be required at terminals 
1 and 39. For additional information, see ICAN-6565. 


WAIT, CLEAR (2 Control Lines): 


Provide four control modes as listed in the following truth 
table: 


Vop: Vss; Vcc (Power Levels): 


The internal voltage supply Vpp is isolated from the 
Input/Output voltage supply Vcc so that the processor may 
operate at maximum speed while interfacing with peripheral 
devices operating at lower voltage. VCC must be less than or 
equal to Vpp. All outputs swing from Vss to Vcc. The 
recommended input voltage swing is Vss to VCC. 
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ARCHITECTURE 


The CPU block diagram is shown in Fig. 8. The principal 
feature of this system is a register array (R) consisting of 
sixteen 16-bit scratchpad registers. Individual registers in 
the array (R) are designated (selected) by a 4-bit binary 
code from one of the 4-bit registers labeled N, P, and X. The 
contents of any register can be directed to any one of the 
following three paths: 

1. the external memory (multiplexed, higher-order byte 

first, on to 8 memory address lines); 
2. the D register (either of the two bytes can be gated to 


3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-bit register. 


The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 


With two exceptions, CPU instructions consist of two 8- 
clock-pulse machine cycles. The first cycle is the fetch 
cycle, and the second—and third if necessary—are execute 
cycles. During the fetch cycle the four bits in the P 
designator select one of the 16 registers R(P) as the current 
program counter. The selected register R(P) contains the 
address of the memory location from which the instruction 
is to be fetched. When the instruction is read out from the 
memory, the higher-order 4 bits of the instruction byte are 
loaded into the I register and the lower-order 4 bits into the 
N register. The content of the program counter is auto- 
matically incremented by one so that R(P) is now “pointing” 
to the next byte in the memory. 


The X designator selects one of the 16 registers R(X) to 
“point” to the memory for an operand (or data) in certain 
ALU or I/O operations. 


The N designator can perform the following five functions 
depending on the type of instruction fetched: 

1. designate one of the 16 registers in R to be acted upon 
during register operations; 

2. indicate to the I/O devices a command code or device- 
selection code for peripherals; 

3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific operation 
required in aclass of miscellaneous instructions (70-73 
and 78-7B); 

4. indicate the value to be loaded into P to designate a new 
register to be used as the program counter R(P); 

5. indicate the value to be loaded into X to designate a new 
register to be used as data pointer R(X). 


The registers in R can be assigned by a programmer in three 
different ways: as program counters, as data pointers, oras 
scratchpad locations (data registers) to hold two bytes of 
data. 


Program Counters 


Any register can be the main program counter;.the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a “call” to a subroutine. When interrupts 
are being serviced, register R(1) is used as the program 
counter for the user's interrupt servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 


Data Pointers 


The registers in R may be used as data pointers to indicate a 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 
I): 

. ALU operations F1-F5, F7, 74, 75, 77; 

. output instructions 61 through 67; 

. input instructions 69 through 6F; 

. certain miscellaneous instructions — 70-73, 78, 60, FO. 
The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory” instructions ON and 4N and 
the “Store D” instruction 5N. The register designated by P 
(i.e., the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 7C, 7D, 7F. During these 
instruction executions, the operation is referred to as “data 
immediate”. 


Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or OMA-Out request is received, one machine 
cycle is “stolen”. This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(0) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written into 
(DMA-In) the memory location pointed to by the R(0) 
register. At the end of the transfer, R(0) is incremented by 
one so that the processor is ready to act upon the next DMA 
byte transfer request. This feature in the 1800-series 
architecture saves a substantial amount of logic when fast 
exchanges of blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh cycles. 


& ON — 


Data Registers 


When registers in R are used to store bytes of data, four 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers in R to be used to hold 
general data. By employing increment or decrement instruc- 
tions, such registers may be used as loop counters. 


The Q Flip Flop 


An internal flip flop, Q, can be set or reset by instruction and 
can be sensed by conditional branch instructions. The output 
of Q is also available as a microprocessor output. 


Interrupt Servicing 


Register R(1) is always used as the program counter whenever 
interrupt servicing is initiated. When an interrupt request, 
occurs and the interrupt is allowed by the program (again, 

nothing takes place until the completion of the current 
instruction), the contents of the X and P registers are stored 
in the temporary register T, and X and P are set to new values; 
hex digit 2 in X and hex digit 1 in P. Interrupt Enable is 
automatically de-activated to inhibit further interruptioris. 
The user’s interrupt routine is now in control; the contents of 
T may be saved by means of a single instruction (78) in the 
memory location pointed to by R(X). At the conclusion of the 
interrupt, the user's routine may restore the pre-interrupted 
value of X and P with a single instruction (70 or 71). The 
Interrupt-Enable flip flop can be activated to permit further 
interrupts or can be disabled to prevent them. 
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CPU Register Summary 


Data Register (Accumulator) 
| 1Bit | Data Flag (ALU Carry) 


| B |  8Bits | Auxiliary Holding Register 
| R | 16Bits | 1 of 16 Scratchpad Registers 


| 16 Bits | | 
Designates which register is 
ee Progam cour 
a al 
Data Pointer 


Holds Low-Order Instr. Digit 
Holds High-Order Instr. Digit 


T 8 Bits Holds old X, P after Interrupt 
a ed ee 
ie [ i8it_| interruptenable 
[af t8it | Output FlipFlop 


CDP1802 Control Modes 


The WAIT and CLEAR lines provide four control modes as 
listed in the following truth table: 


CLEAR WAIT 
H 


The function of the modes are defined as follows: 
Load . 


Holds the CPU in the IDLE execution state and allows an 1/O 
device to load the memory without the need fora ‘‘bootstrap” 
loader. It modifies the IDLE condition so that DMA-IN 
operation does not force execution of the next instruction. 


Reset 


Registers |, N, Q are reset, IE is set and 0’s (Vss) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in S1. The first machine cycle 
after termination of reset is an initialization cycle which 
requires 9 clock pulses. During this cycle the CPU remains in 
S1 and registers X, P, and R(0) are reset. Interrupt and DMA 
- servicing are suppressed during the initialization cycle. The 
next cycle isan SO, S1, or an S2 but never an S3. With the use 
of a 71 instruction followed by 00 at memory locations 0000 
and 0001, this feature may be used to reset IE, so as to 
preciude interrupts until ready for them. Powerup reset can 
be realized by connecting an RC network directly to the 
CLEAR pin, since it has a Schmitt-triggered input, see Fig. 10. 


CDPI802A 


The RC time constant 
should be greater than 

the oscillator start-up time 
(typically 20 ms). 


92CS~—33873 


Fig. 10 - Reset diagram. 


Pause 


Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input clock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 


Bun 


May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation on the first 
negative high-to-low transition of the input clock. When 
initiated from the Reset operation, the first machine cycle 
following Reset is always the initialization cycle. The initial- 
ization cycle is then followed by a DMA (S2) cycle or fetch 
(SO) from location 0000 in memory. 


RUN-MODE STATE TRANSITIONS 


The CDP1802A CPU state transitions when in the RUN and 
RESET modes are shown in Fig. 11. Each machine cycle 
requires the same period of time, 8 clock pulses, except the 
initialization cycle, which requires 9 clock pulses. The 
execution of an instruction requires either two or three 
machine cycles, SO followed by a single S1 cycle or two S1 
cycles. S2 is the response to a DMA request and S3 is the 
interrupt response. Table I] shows the conditions on Data 
Bus and Memory-Address lines during all machine states. 


IDLE*DMAeINT 


FORCE S1 
(LONG BRANCH, 
LONG SKIP, NOP, ETC) 


INTeOMA 


PRIORITY: FORCE SO, S1 INT®¢DMA 


ne 92CS-33872 


Fig. 11 - State transition diagram. 
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INSTRUCTION SET 

The CPU instruction summary is given in Table I. Hexadecimal R(W).0: Lower-order byte of R(W) 

notation is used to refer to the 4-bit binary codes. R(W).1: Higher-order byte of R(W) 

In all registers bits are numbered from the least significant bit Operation Notation 

(LSB) to the most significant bit (MSB) starting with 0. M(R(N)) ~ D; R(N) + 1 — R(N) 

R(W): Register designated by W, where This notation means: The memory byte pointed to by R(N) is 
WEN or X, or P loaded into D, and R(N) is incremented by 1. 


TABLE I — INSTRUCTION SUMMARY (See Notes following table, pp. 11 and 12) 


oP 
INSTRUCTION ieee | CODE OPERATION 


MEMORY REFERENCE 
LOAD VIA N M(R(N))—-D; FOR N NOT 0 
LOAD ADVANCE M(R(N))—-D; (RN)+1 —-R(N) 
LOAD VIA X M(R(X))--D 
LOAD VIA X AND ADVANCE M(R(X))—-D; R(X)+1—-R(X) 
LOAD IMMEDIATE M(R(P))—-D; R(P)+1—-R(P) 
STORE VIAN D--M(R(N)) 
STORE VIA X AND D--M(R(X)); R(X)—1—R(X) 
DECREMENT 
REGISTER OPERATIONS 
INCREMENT REG N R(N)+1—R(N) 
DECREMENT REG N R(N)—1—R(N) 
INCREMENT REG X R(X)+1—R(X) 
GET LOW REGN R(N).0-D 
PUT LOW REG N | D--R(N).0 
GET HIGH REG N R(N).1—-D 
PUT HIGH REG N D--R(N).1 
OR M(R(X)) OR D-D 
OR IMMEDIATE M(R(P)) OR D—D; 
| R(P)+1—R(P) 
EXCLUSIVE OR M(R(X)) XOR D—D 
EXCLUSIVE OR IMMEDIATE M(R(P)) XOR D—D; 
R(P)+1—-R(P) 
AND M(R(X)) AND D--D 
AND IMMEDIATE M(R(P)) AND D~D; 
R(P)+1—-R(P) 
SHIFT RIGHT SHIFT D RIGHT, LSB(D)—DF, 
| O-—MSB(D) 
SHIFT RIGHT WITH CARRY SHIFT D RIGHT, LSB(D)—DF, 
DF--MSB(D) 
RING SHIFT RIGHT 
SHIFT LEFT SHIFT D LEFT, MSB(D)—DF, 
: 0-LSB(D) 
SHIFT LEFT WITH CARRY SHIFT D LEFT, MSB(D)-DF, 
DF-LSB(D) 
RING SHIFT LEFT 
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TABLE I — INSTRUCTION SUMMARY (Cont'd) 


ro) 
INSTRUCTION eee! CODE OPERATION 


ARITHMETIC OPERATIONS § 
ADD M(R(X))+D-—-DF, D 
ADD IMMEDIATE M(R(P))+D--DF,D; R(P)+1—-R(P) 
ADD WITH CARRY M(R(X))+D+DF—DF, D 
ADD WITH CARRY, IMMEDIATE M(R(P))+D0+DF-—-DF, D 
R(P)+1—-R(P) 
SUBTRACT D M(R(X))—-D-DF, D 
SUBTRACT D IMMEDIATE M(R(P))—D-—DF, D; 
R(P)+1—R(P) 
SUBTRACT D WITH BORROW M(R(X))—D—(NOT DF)-DF, D 
SUBTRACT D WITH M(R(P))—-D—(NOT DF)--DF, D; 
BORROW, IMMEDIATE R(P)+1—R(P) 
SUBTRACT MEMORY D—M(R(X))—-DF, D 
SUBTRACT MEMORY IMMEDIATE D—M/(R(P))--DF, D; 
R(P)+1—R(P) 
SUBTRACT MEMORY WITH BORROW D—M(R(X))—(NOT DF)-—DF, D 
SUBTRACT MEMORY WITH D—M(R(P))—(NOT DF)-—DF, D 
BORROW, IMMEDIATE R(P)+1—-R(P) 
SHORT BRANCH M(R(P))—-R(P).0 
NO SHORT BRANCH (SEE SKP) R(P)+1—R(P) 
SHORT BRANCH IF D=0 IF D=0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 
IF D NOT 0, M(R(P))—R(P).0 
ELSE R(P)+1-—-R(P) 
IF DF=1, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 


SHORT BRANCH IF D NOT 0 


SHORT BRANCH IF DF=1 

SHORT BRANCH IF POS OR ZERO 

SHORT BRANCH IF EQUAL OR 
GREATER 

SHORT BRANCH IF DF=0 

SHORT BRANCH IF MINUS 

SHORT BRANCH IF LESS 

SHORT BRANCH IF Q=F 


IF DF=0, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 


IF Q=1, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 

IF Q=0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 

IF EF1=1, M(R(P))—R(P).0 


SHORT BRANCH IF Q=0 


SHORT BRANCH IF EF1=1 


(EF1=Vgs) ELSE R(P)+1—R(P) 
SHORT BRANCH IF EF1=0 IF EF1=0, M(R(P))—-R(P).0 
(EF1=Vcc) ELSE R(P)+1—R(P) 
SHORT BRANCH IF EF2=1 IF EF2=1, M(R(P))—-R(P).0 
(EF2=Vss) ELSE R(P)+1—R(P) 
‘SHORT BRANCH IF EF2=0 IF EF2=0, M(R(P))—-R(P).0 
(EF2=Vcc) ELSE R(P)+1—R(P) 
SHORT BRANCH IF EF3=1 IF EF3=1, M(R(P))—R(P).0 
(EF3=Vss) ELSE R(P)+1—R(P) 


SHORT BRANCH IF EF3=0 
(EF3=Vcc) 


IF EF3=0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 
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TABLE I — INSTRUCTION SUMMARY (Cont'd) 


| op 
INSTRUCTION | cee! CODE OPERATION 


BRANCH INSTRUCTIONS—SHORT BRANCH 
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SHORT BRANCH IF EF4=1 37 IF EF4=1, M(R(P))—-R(P).0 


(EF4=Vss) ELSE R(P)+1—R(P) 


SHORT BRANCH IF EF4=0 | 3F IF EF4=0, M(R(P))—R(P).0 
(EF4=Vcc) ELSE R(P)+1—R(P) 


LONG BRANCH 


M(R(P))--R(P).1 
M(R(P)+1)--R(P).0 
R(P)+2—R(P) 
AF D=0, M(R(P))—-R(P).1 
M(R(P)+1)—-R(P).0 
ELSE R(P)+2--R(P) 
IF D NOT 0, M(R(P))—-R(P).1 
M(R(P)+1)—-R(P).0 
ELSE R(P)+2—R(P) 
IF DF=1, M(R(P))—-R(P).1 
M(R(P)+1)--R(P).0 
ELSE R(P)+2—R(P) 
IF DF=0, M(R(P))--R(P).1 
M(R(P)+1)—-R(P).0 
ELSE R(P)+2—R(P) 
IF Q=1, M(R(P))—-R(P).1 
M(R(P)+1)—-R(R).0 
ELSE R(P)+2-R(P) 
IF Q=0, M(R(P))—-R(P).1 
M(R(P)+1)--R(P).0 
ELSE R(P)+2--R(P) 
SHORT SKIP (SEE NBR) R(P)+1—R(P) 
LONG SKIP (SEE NLBR) R(P)+2—-R(P) 
LONG SKIP IF D=0 IF D=0, R(P)+2—-R(P) 
ELSE CONTINUE 
LONG SKIP IF D NOTO IF D NOT 0, R(P)+2—R(P) 
ELSE CONTINUE 
LONG SKIP IF DF=1 IF DF=1, R(P)+2—R(P) 
ELSE CONTINUE 


NO LONG BRANCH (SEE LSKP) 
LONG BRANCH IF D=0 


LONG BRANCH IF D NOT 0 


LONG BRANCH IF DF=1 


LONG BRANCH IF DF=0 


LONG BRANCH IF Q=1 


LONG BRANCH IF Q=0 


LONG SKIP IF DF=0 IF DF=0, R(P)+2-—-R(P) 
ELSE CONTINUE 


LONG SKIP IF Q=1 7 IF Q=1, R(P)+2--R(P) 
| ELSE CONTINUE 

LONG SKIP IF Q=0 IF Q=0, R(P)+2—R(P) 
ELSE CONTINUE 

LONG SKIP IF IE=1 IF IE=1, R(P)+2—-R(P) 
ELSE CONTINUE 
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TABLE I — INSTRUCTION SUMMARY (Cont'd) 


oP 
INSTRUCTION | ina CODE OPERATION 


CONTROL INSTRUCTIONS 
IDLE WAIT FOR DMA OR INTERRUPT: 
| M(R(0))--BUS 

NO OPERATION CONTINUE 
SET P 
SET X 
SETQ 1-Q 
RESET Q 
SAVE T—M(R(X)) 
PUSH X,P TO STACK (X,P)—-T; (X,P)-M(R(2)) 

THEN P—X; R(2)—1—R(2) 
RETURN M(R(X))—(X,P); R(X)+1—-R(X) 

1—IE 
DISABLE M(R(X))—-(X,P); R(X)+1—-R(X) 

O—IE 
INPUT-OUTPUT BYTE TRANSFER . 
OUTPUT 1 M(R(X))-BUS;R(X)+1—R(X); N LINES=1 
OUTPUT 2 M(R(X))—-BUS;R(X)+1—R(X); N LINES=2 
OUTPUT 3 M(R(X))--BUS;R(X)+1—R(X); N LINES=3 
OUTPUT.4 M(R(X))-BUS;R(X)+1—R(X); N LINES=4 
OUTPUT 5 M(R(X))--BUS;R(X)+1—R(X); N LINES=5 
OUTPUT 6 M(R(X))-BUS;R(X)+1—R(X); N LINES=6 
OUTPUT 7 M(R(X))-BUS;R(X)+1—R(X); N LINES=7 
INPUT 1 BUS—M(R(X)); BUS-D; N LINES=1 
INPUT 2 BUS~M(R(X)); BUS~D; N LINES=2 
INPUT 3 BUS--M(R(X)); BUS~D; N LINES=3 
INPUT 4 BUS—M(R(X)); BUS-D; N LINES=4 
INPUT 5 BUS~M(R(X)); BUS—D; N LINES=5 
INPUT 6 BUS-—M(R(X)); BUS—D; N LINES=6 
INPUT 7 BUS—M(R(X) 


); 
); BUS—D; N LINES=7 


Notes 


STHE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS ARE THE ONLY INSTRUCTIONS THAT CANALTERTHEDF. AFTER 
AN ADD INSTRUCTION: 

DF=1 DENOTES A CARRY HAS OCCURRED 

DF=0 DENOTES A CARRY HAS NOT OCCURRED 

AFTER A SUBTRACT INSTRUCTION: 

DF=1 DENOTES NO BORROW. D IS A TRUE POSITIVE NUMBER 

DF=0 DENOTES A BORROW. D IS TWO'S COMPLEMENT 

THE SYNTAX “—(NOT DF)” DENOTES THE SUBTRACTION OF THE BORROW 


§THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED. 


#AN IDLE INSTRUCTION INITIATES A REPEATING S1 CYCLE. THE PROCESSOR WILL CONTINUE TO IDLE UNTIL AN I/O REQUEST 
(INTERRUPT, DMA-IN, OR OMA-OUT) IS ACTIVATED. WHEN THE REQUEST IS ACKNOWLEDGED, THE IDLE CYCLE IS TERMINATED 
AND THE I/O REQUEST IS SERVICED, AND THEN NORMAL OPERATION IS RESUMED. 
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Notes for TABLE I 
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1. Long-Branch, Long-Skip and No Op instructions are counter. This effects a branch within the current 256- 


the only instructions that require three cycles to 
complete (1 fetch +2 execute). 


Long-Branch instructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 


The long-branch instructions can: 
a) Branch unconditionally 
b) Test for D=0 or D=0 
c) Test for DF=0 or DF=1 
d) Test for Q=0 or Q=1 
e) effect an unconditional no branch 


If the tested condition is met, then branching takes 
place; the branching address bytes are loaded in the 
high- and low-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 


lf the tested condition is not met, the branching 
address bytes are skipped over, and the next in- 
struction in sequence is fetched and executed. This 
Operation is taken for the case of unconditional no 
branch (NLBR). 


. The short-branch instructions are two bytes long. The 
first byte specifies the condition to be tested, and the 
second specifies the branching address. 


The short-branch instruction can: 
a) Branch unconditionally 
b) Test for D=0 or D0 
c) Test for DF=0 or DF=1 
d) Test for Q=0 or Q=1 
e) Test the status (1 or 0) of the four EF flags 
f) Effect an unconditional no branch 


if the tested condition is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position of the current program 


byte page of the memory, i.e., the page which holds the 
branching address. If the tested condition is not met, 
the branching address byte is skipped over, and the 
next instruction in sequence is fetched and executed. 
This same action is taken in the case of unconditional 
no branch (NBR). 


. The skip instructions are one byte long. There is one 


Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 


The Unconditional Short-Skip instruction takes 2 cycles 
to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following it. Then the next instruction in 
sequence is fetched and executed. This SKP instruction 
is identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte is not 
considered part of the program. 


The Long-Skip instructions take three cycles to 
complete (1 fetch +2 execute). 


They can: 
a) Skip unconditionally 
b) Test for D=0 or D-0 
c) Test for DF=0 or DF=1 
d) Test for Q=0 or Q=1 
e) Test for lIE=1 


If the tested condition is met, then Long Skip takes 
place; the current program counter is incremented 
twice. Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition is not met, then no action is taken. 


Execution is continued by fetching the next instruction 
in sequence. 
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dios’ KT, Mioid a oil ws tds, Nel a Na VEL Weel, Vee \ 
Noefo el Nec oe 3, \8Q/ 4, NSOQ/ 5, \EQ% 6, AZO ee 01 


TPA 


TPB 


MEMORY J HIGH ORDER tPLHstpH_ VV | LOW ORDER 
ADDRESS ADDRESS BYTE [“1 _ “A\ | ADDRESS BYTE 


MRD 
(MEMORY 
READ CYCLE) 


MWR 
(MEMORY 
WRITE CYCLE) 


DATA FROM 
CPU TO BUS 


PLH,/) 


t | tPLH WY 
7 { 
CODES tpHi’ tPHL 


STATE 


Q | | tPLH,» tPHL , | 


NO, NI,N2 toy 
(1/0 | 
EXECUTION | 
CYCLE) | ! 
| 


tPHL 


DATA 
LATCHED IN CPU 


DATA FROM 
BUS TO CPU 


DMA 
REQUEST 


INTERRUPT | \tsuT tH 
REQUEST FLAG LINES 


SAMPLED (IN SI) 
a ray iu,\ 
9 


| ANY NEGATIVE 
TRANSITION 


NOTES: 
|. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS 
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE 
2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE 92CL -33869R2 
WAVEFORMS 
3. SHADED AREAS INDICATE "DON'T CARE" OR UNDEFINED STATE; 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD 


Fig. 12 - Timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T,a=-40 to +85°C, C_=50 pF, Vpp+5%, except as noted. 


a ere 
| characteristic UNITS 
(V) (V) | Typ.? ».° 


Propagation Delay Times: 


Clock to TPA, TPB 


Clock-to-Memory High-Address Byte 


Clock-to-Memory Low-Address Byte Valid 


Clock to MRD 


Clock to MRD 


Clock to MWR 


Clock to (CPU DATA to BUS) Valid 


Clock to State Code 


Clock to Q 


Clock to N (0-2) 


Minimum Setup and Hold Times: 


Data Bus Input Setup 
Data Bus Input Hold 
MA Setup 


DMA Hold 


Interrupt Setup 


*Typical values are for Ta=25°C and nominal Vpp. 


tPLH, tPHL 


tPLH, tPHL 


tPLH, tPHL 


tPHL 


tPLH 


tPLH, tPHL 


'PLH) tPHL 


tPLH, tPHL 


'PLH: tPHL 


tPLH, tPHL 


tsu 


tsu 


oS 2g 


4 
i) 


— 
Alo 


5 200 300 
10 150 | 250 
10 100 150 
5 5 
5 10 
10 10 
5 5 
5 10 
10 10 
5 5 200 300 
5 10 150 250 
10 10 100 150 
5 5 200 350 
5 10 150 290 
10 100 175 
300 
5 250 
10 0. 150 
5 450 
5 350 
10 200 
5 450 
5 350 
10 250 
5 5 
5 10 
10 10 
5 5 
5 10 
10 10 
5 5 
5 10 
10 10 
5 5 
5 10 
10 10 
5 5 
5 10 
10 10 
5 5 
5 10 
10 10 
5 5 
5 10 
10 10 


Maximum limits of minimum characteristics are the values above which all devices function. 
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DYNAMIC ELECTRICAL CHARACTERISTICS (Cont'd) 


CHARACTERISTIC 


Minimum Setup and Hold Times: 


Interrupt Hold tH™ 


WAIT Setup tsu 


EF 1-4 Setup 


EF 1-4 Hold 
Minimum Pulse Width Times: 


CLEAR Pulse Width 


CLOCK Pulse Width 


*Typical values are for Ta=25°C and nominal Vpp. 
# Maximum limits of minimum characteristics are the values above which all devices function. 


TIMING SPECIFICATIONS as a function of T(T=1/fCLOCk) at Ta=-40 to +85°C 
Vcc VppD LIMITS 
CHARACTERISTIC ) Yeo | vo |S UNITS 
High-Order Memory-Address Byte 5 5 
Set Upto TPA ¥# Time tsu 5 10 
High-Order Memory-Address Byte 5 5 
Hold after TPA Time 5 10 
Low-Order Memory-Address Byte 5 5 
Hold after WR Time 5 10 
CPU Data to Bus Hold 5 5 T-200 
after WR Time 5 10 T-150 
Required Memory Access Time 5 5 
Address to Data 5 10 
10 10 
5 5 
) 10 
10 10 


eTypical values are for Ta=25°C and nominal Vop. 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 
ALL MACHINE STATES 


DATA MEMORY 
STATE OPERATION BUS ADDRESS 
RESET 0—I,N,Q,X,P: 
1—lE 


$1 INITIALIZE 0000—R XXXX 1 
NOT PROGRAMMER 
ACCESSIBLE 
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MRP-I, N: 
RP+1—RP 


Poo | lo | ete CE Ro TCT lo lt ll 
poo | ir | tow] an-> | rn | rN CT to Tt Tl 
ioe ing _t__anei=a__|_FLoaT_/_ +1 a a a ae ee es a 
| RN-1-RN | FLoAT. | RN | ds | at 
oe — 

BRANCH MRP-—-RP.0 

NOT TAKEN; 

anita 

| os | of | stk |  D-MRN | pe few ff 

S1 es See ea ee a a ae a 


i - Bn 


MRX-—BUS; 
RX+1-—-RX 


DATA 
FROM 
1/0 
DEVICE 


BUS~MRX,D 


ff 


a=] 
RX+1—-RX; 1—lE 
ei: oe i MRX—(X.P): MRX RX 
RX+1—RX; 0-IE 
>i a 
RX+1—-RX 
RX-—1—-RX 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 
ALL MACHINE STATES (CONT'D) 


Pe ee a 
STATE OPERATION BUS ADDRESS NOTESG 
= a AE AE 
DFN--DF,D 
A al i SB 
DF—MSB(D 
ok I incl Me a RE 
DFN—DF,D 
S1 7 T a ae eee a ee ee ee 
P—-X: R2—1—R2 
pee ee com eg 
DF-—DF,D; RP-+1 


SDBI MRP—D— 


DFN-DF,D; 
RP+1 
SHLC MSB(D)—DF; FLOAT 
DF-LSB(D 


ead 


SMBI D—MRP— 

DFN-—DF,D; 
RP+1 
RN.1 


P12 
a Pas n OQ} [> ~N z 


? 
ce 


| D-RNO 
TAKEN: MRP-B; 
RP+1—RP 
LONG TAKEN: B~RP.1; M(RP+1) 
0-3, BRANCH MRP—RP.O 
8-B NOT TAKEN: 
RP+1—RP 
NOT TAKEN: M(RP+1) 
RP+1—RP 


TAKEN: RP+1—RP__ | | 


SKIP 
NO OPERATION 


NOT TAKEN: 


NO OPERATION 


‘NO OPERATION 


NO OPERATION 


GLO 
GHI 
PLO 
PHI 


? 
us 


; 
—_ 


S1#1 


E - 


D 
v 
Bi 
ES 


RP+1 


” ” 
= te ® tt —s Bee —_ Poa 
tt no tt ie) tt Lae) tt Le) 
—h —_—s —_ —_A 
ee 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 
ALL MACHINE STATES (CONT'D) 


STATE / MNEMONIC eae ADDRESS LINES NOTESS 
SEP __ ae ee eae el 
—D 


a= ae 
ol ee ae 
aes 
MRX AND D--D 
MRX XOR D—D 
MRX+D—DF,D 
MRX—D—DF,D 
D—MRX--DF,D 
S1 LSB(D)—-DF: FLOAT 
0—MSB(D 
MRP—D; 
RP+1—RP 
MRP OR D—D; 
RP+1—RP 
MRP AND D-D; 
RP+1--RP 
| | MRP XOR D—D; 
: RP+1—RP 
MRP+D--DF,D; 
RP+1—RP 
MRP—D--DF,D; 
| RP+1—RP 
D—MRP-—DF,D; 
RP+1—RP 
fe | MSB(D)—DF: FLOAT 
0-LSB(D 
$2 
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D 
i=) 
Zs 
Bs) 
jo) 
a 
zc 
m 
w 


DMA IN DATA FROM 
RO+1—-RO 1/0 DEVICE 

DMA OUT MRO--BUS; 
RO+1—RO 


1=P: 2—x 
LOAD IDLE M( 
NOTES: 


IE=1, TPA, TPB suppressed, state=S1. 

BUS=0 for entire cycle. 

Next state always S1. 

Wait for DMA or INTERRUPT. 

Suppress TPA, wait for DMA. 

IN REQUEST has priority over OUT REQUEST. 

. Number refers to machine cycle. See Fig. 13 timing waveforms for machine cycles 1 through 9. 
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TPB 


MACHINE 


CYCLE CYCLE n CYCLE (#1) CYCLE (n+ 2) CYCLE (n+ 3) RYCLE (n+ 4) 


MA HIGH ADD LOW ADDRESS LOW ADDRESS LOW ADDRESS IGH ADD] LOW ADDRESS HIGH ADD] LOW 


General timing waveforms. 


INSTRUCTION FETCH (50) EXECUTE (SI) FETCH (SO) EXECUTE (SI) FETCH (SO) 
\xd— MEMORY REAL) CYCLE --~—eefae- - -— NON MEMORY CYCLE ——oheg— MEMORY READ CYCLE ——e>bae-——— NON MEMORY CYCLE —ohe— MEMORY 


CYCLE 
MRD | | f L 


MWR (HIGH) 
MEMORY - : 
| ourPut CEDIA VME LLL 
<+4-—- - ——_—_—___-——_ +_.—______ —______-.___»> 
ALLOWABLE MEMORY ACCESS VALID OUTPUT VALIO OUTPUT 


No. 1 Non-memory-cycle timing waveforms. 


FinsTRUCTION FETCH (SO) EXECUTE (SN) FETCH (SO) EXECUTE ($1) FETCH (SO) 
be— memory REAL CYCLE or MEMORY WRITE CYCLE ~ MEMORY READ CYCLE —ohe—— MEMORY WRITE CYCLE —ohe——— MEMORY 


READ 


MRD CYCLE 


MWR | | 


MEMORY —— 
ouTPuT wl VA MLALLLLLLLLLL LL VLA he 
<——_______» 
ALLOWABLE MEMORY ACCESS Ther QUTPUT VALID OUTPUT 
CPU OUTPUT 
» TO OFF OFF OFF 


| MEMORY 


No.:2 Memory write-cycle timing waveforms. 


[insTRUCTION FETCH (SO) EXECUTE ($1) FETCH (SO) EXECUTE (S1) FETCH (SO) 
e—— MEMORY READ CYCLE ——>he— MEMORY READ CYCLE ——te—— MEMORY READ CYCLE —th-— MEMORY READ CYCLE ———t-———- MEMORY 


READ 


MRD | | | | | | CYCLE 


MWR (HIGH) 


 ourPuT: VM LL 


ALLOWABLE MEMORY ACCESS 


No. 3 Memory read-cycle timing waveforms. 


LAL LL LA 


VALIO OUTPUT 


CULM 


<<. 
VALID OUTPUT 


CLL LLL, 


VALID OUTPUT 


VALLI Lh 


VALID OUTPUT 


INSTRUCTION FETCH (SO) EXECUTE (S11) EXECUTE {S1) FETCH (SO) EXECUTE (S1) 
le MEMORY READ CYCLE —ehe——— MEMORY READ CYCLE ~th——~ MEMORY READ CYCLE -the——-MEMORY READ CYCLE —whe-———— MEMORY 
READ 


MRD | | | | | | | CYCLE 


MWR (HIGH) 


MEMORY 
OUTPUT 


Mi te Lg 


———— 
VALID OUTPUT 


MLL, | 


ALLOWABLE MEMORY ACCESS 


No. 4 Long-branch or long-skip-cycle timing waveforms. 


WA “Don't Care” or internal delays ail High impedance state 


CLMLLLLLLLLLLLL LLL 
—_  ——"—_ > 


VALID OUTPUT 


CLLLLL LA 


LLM | 


VALID OUTPUT 


92CL- 29600 


Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). 
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Es | een ener eee lie Seed, eee ee 

TPB ee eS RAR RS ie ee ee (a eee 


MACHINE CYCLE CYCLE n CYCLE (n+ 1) 
INSTRUCTION FETCH (SO) EXECUTE (S1) 


MRD 


NO-N2 NODE 


MWR 


MEMORY 
OUTPUT 
ALLOWABLE MEMORY ACCESS VALID OUTPUT 


DATA BUS VALID DATA FROM INPUT DEVICE 


MEMORY MEMORY 
READ CYCLE _— WRITE CYCLE 
“User-generated signal 


92CS— 29601 


No. 5 Input-cycle timing waveforms. 


oO 
Ls) 
WwW 
> 
on 
o>) 
~ 
oO 
NO 
Ww 
> 
on 
ep) 
~N 
i=) 


ee CYCLE n CYCLE (n + 1) 
INSTRUCTION FETCH (SO) EXECUTE (S1) 


MRD | _ eee ee 
NO — N2 / | N 1-7 \ 


ALLOWABLE MEMORY ACCESS 
ee“ 


VALID DATA FROM MEMORY —— 
VALID OUTPUT 


DATA BUS 


LLM LLL LLL LA 


+ 
ALLOWABLE MEMORY ACCESS 


DATA STROBE" 


oo | MEMORY MEMORY | 
ceili READ CYCLE” si ry NO —— 
"User-generated signal 
WH, “Don't Care” or internal delays ee 


| | High:impedance state 


No. 6 Output-cycle timing waveforms. 


Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). Continued. 
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0 1 2 3 4 5 6 7 0 i 2 3 4 5 6 en) 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 
cook “LE LILI LILLY LLL EAL ANAL ALL 
ocean eee Te A LSeemee eat MRR nee creer een (ERE CONUS RC eneet ere Renee. (i) See See nee Seen 
i hie eee ee See a eee Mik, Leon ee eee een el ECO Seem meee ome [ome 
ele. 
INSTRUCTION [FETCH (SO) —S—C~C*~“C*‘“‘(Y'| EXECUTES CL SSSSCSCSCMAS)SSCSC*~C“‘“(‘R(NSCS#N#NNW FETCH (SO) id 
OMA-IN* VTL LLL SSMMMMMMMIELMMMMISS1L: 
MRD ; ag a eet eg et 1 Sm a) Fe ee a 
MWR a | eee | 
pe aeia KLLLLLLLLLE LL LL dd VLLLLLLLLLLLLLLLLL LL VLMLLL LLL LALA AAA 
VALID OUTPUT VALID OUTPUT 
DATA BUS" 
| | { 
3 READ CYCLE ! NON MEMORY CYCLE WRITE CYCLE READ CYCLE 
l ' | | 
“User generated signal 92CS—29603 


No. 7 DMA-IN-cycle timing waveforms. 


MACHINE D) Y 
CYCLE CYCLE n CYCLE (n+ 1) CYCLE (n+ CYCLE (n + 3) 
INSTRUCTION FETCH (SO) . EXECUTE (S1) DMA (82) FETCH (SO) 


DMA OUT LLL LLL LL LLL LLL LL AL Lh CLLLLLLL. 


MRD eae eee 4 


MWR Taare, 
OUTPUT. VL VILL LLL LK 4 ¢ EO 
DATA’ VALID OUTPUT VALID DATA FROM MEMORY | 


STROBE | | | \ 


($2. TPB) | | MEMORY | 


Y 
Se uarctaea : ———_—_»he———— READ. WRITE OR he ng cycle MEMORY 
| E L | NON MEMORY CYCLE ! |READ CYCLE 


“User generated siqnal 92CM-29604RI 
No. 8 DMA-OUT-cycle timing waveforms. 


0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3. 4 5 6 7 0 1 2 3 4 5 6 7 0 
ecock “LE LPL LULU LLL AA AAA AA 
TI a ea 
a a ca Me ee Se 
tcl 
INSTRUCTION FETCH (SO) INTERRUPT (S3) 
MRD res ete eee ot aoe J 
MWR Nae me ee ae 
INTERRUPT * W % 4 


(INTERNAL) IE 


BUTPUr. LMI LLL ALLEL VLLLLL ALAM ALA AA LMM LAAN A de 


——_—— 
VALID OUTPUT VALID OUTPUT 


MEMORY MEMORY READ, WRITE MEMORY 
li is asa , —_—_—_ a NON-MEMORY —>}2—_—__ ——————| 
READ CYCLE OR NON-MEMORY CYCLE { ava cte ; READ CYCLE 


“User-generated signal 


ii 4 “Don’t Care” or internal delays etl High-impedance state 
No. 9 INTERRUPT-cycle timing waveforms. 22CM= 29608 


Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). Continued. 
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Preliminary Data 


CMOS 8-Bit Microprocessor 


SCO a Minimum instruction fetch-execute time of 3.2 us 


MRD 


BUS 7 (maximum clock frequency=5 MHz) at Vpp=5 V 


BUS 6 


TOP VIEW 
92CS-27467RI 


Terminal Assignment 


The RCA-CDP1802BC LSI CMOS 8-bit register-oriented 
central-processing unit (CPU) is designed for use as a 
general-purpose computing or control element in a wide 
range of stored-program systems or products. 


The CDP1802BC includes all of the circuits required for 
fetching, interpreting, and executing instructions which 
have been stored in standard types of memories. Extensive 
input/output (I/O) control features are also provided to 
facilitate system design. 


The 1800 series architecture is designed with emphasis on 
the total microcomputer system as an integral entity so that 


— CDPI852 
INPUT PORT CS2 


DATA CS! 


DATA CSI : i 
cs2 


| 
COPI852 

OUTPUT PORT 

CLOCK 


CDP1I802 
8-BIT CPU 


m Any combination of standard RAM and ROM up to 65,536 bytes 
= Operates with slow memories, up to 775 ns access time at fo, =5 MHz 
= 8-bit parallel organization with bidirectional 
data bus and multiplexed address bus 
= 16.x 16 matrix of registers for use as 
multiple program counters, data pointers, or data registers 
= On-chip DMA, interrupt, and flag inputs 
= Programmable single-bit output port 
= 97 easy-to-use instructions 


systems having maximum flexibility and minimum cost can 
be realized. The 1800 series CPU also provides a syn- 
chronous interface to memories and external controllers 
for |/O devices, and minimizes the cost of interface con- 
trollers. Further, the I/O interface is capable of supporting 
devices operating in polled, interrupt-driven, or direct 
memory-access modes. 


The CDP1802BC has a recommended operating voltage 
range of 4to 6.5 volts. These types are supplied in 40-lead 
dual-in-line side-brazed ceramic packages (D suffix), and 
40-lead dual-in-line plastic packages (E suffix). 


CDPI824 
32 BYTE RAM 


92CM- 3466IRI 


Fig. 1 - Typical CDP1802BC small microprocessor system. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp): 

(All voltages referenced to Vss terminal) 

COPTS02BC na tad Save cetnnt hd eee oiet or came te etd e Pande ei OREM SORES INE ES OS Se ONE eb aeSae alae eae —0.5to+7V 
INPUT-VOLTAGE/RANGE-ALE INPUTS srr ss ais ag faye oe eek ee ein eR Ee Mw eet ake ca he ey ee ReeMeas GO oRY Rae Re —0.5 to Vpp +0.5 V 
DE INPUT CURRENT ANY ONE INPUT ii eio nines Siicse gia od sunoraiens Qerses aan date’ bie sas ae eased Ra Ves BN WA ws nea ee A eS +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For TA==40 to 160°C (PACKAGE TYPE ©) feuiecuetawtuie nb niei eau n6 da gated SWanee Sake SPR AEN Ad A Ree Erg week VERS 500 mW 

For T A=260 to: +85°C (PACKAGE TY PE'E) verccc ehsitesa 94 ee ese wine eaaes vent ieee eine eee Derate Linearly at 12 mW/°C to 200 mW 

For TA=—05 10 F100" C (PACKAGE TYPED): «.c45.0 asd cenanssaoincte Sisesse hares set akiaeab sees San eRe eee ee eS 500 mW 

For TA=+100 to'+129"C (PACKAGE TYPED) sqtspieseseiaariohe tek ee earn cndueen asa waneds Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA=FULL' PACKAGE-TEMPERATURE RANGES .ha8 ticiui nner ci ooesiawatiesa ve dees oden Cala tas eb oneness dese eee 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPE Dive eer ore Rhee abl Pe Re ae SR Re eee ai es aah EA eee NS EES Beers 
PACKAGE TY PEE aes na eas CREE a As sO Gy BOY RE EE BEARER ECG CREE BRAG» ha C4 FA ORES PEW re Dee ow ead MN vee 

STORAGE TEMPERATURE RANGE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16+1/32 inz (1.59-50.79 mm) from case for 10:5 Max. «dead sg oe sap ses Ve saet eee ee ee eet ES RES SVAN ee ee ene +265°C 


OPERATING CONDITIONS at T,a=-40°C to +85°C 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


CONDITIONS LIMITS 
. CHARACTERISTIC Vcc Vpp UNITS 


DC Operating Voltage Range — V 
input Voltage Range ae 8s 
Maximum Clock Input Rise or Fall Time, tr.t 4to65 | 4t065 | — | 1. | i 
Minimum Instruction Time2 


Maximum DMA Transfer Rate i a 667 KBytes/s 


“Maximum Clock Input Frequency, fCL 5 5 pc 5 MHz 
Load Capacitance (Ci_)=50 pF 
1Vcc must never exceed Vpp. 


2Equals 2 machine cycles—one Fetch and one Execute operation for all instructions except Long Branch and Long Skip, which require 3 
machine cycles—one Fetch and two Execute operations. 


~ HHH OTAMBIENT TEMPERATURE (Ta) =25°C +1 
= Saanaeen ECE EH 
tL as H+ 350 SRE RRS REE RO RERRERROnaeneae 
rs} Co 
= € 
3 4300H4 
z x an 
WW a) on 
3 eat 
m1 =P50r 
ic = A 
= fF 
3 200-4 
3 = 
(o) - Lt 
ty 
3 z tI 
= = ane H 
x D 
a 4 = 
= Z A 
= ha Cy 
WW) I 
- 4 
> HoH 
o_O RHEE CH HH HHH 4 sEseseecuee 
25 35 45 55 65 75 85 95 105 5 125 100 «$125 150 {75 
AMBIENT TEMPERATURE (Ta) °C LOAD CAPACITANCE (CL)— pF 
92CS-34662 92CS-34663 
Fig. 2- Typical maximum clock frequency Fig. 3 - Typical transition time vs. load 
as a function of temperature. capacitance. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta=~40 to +85°C, except as noted. 


CONDITIONS LIMITS 


VoD CDP1802BC UNITS 
LA 


(v) | Min. | Typ 
Laer 


1 


CHARACTERISTIC Vout 


(V) 


Quiescent Device Current 
Output Low Drive (Sink) Current 
(Except XTAL) 


lOL 


0.4 


—_ 
~“l 
fan) 
io) 
on 
Oo 


on 
— 
a 
Hed 
no 
no 
° 
oS 


Output High Drive (Source) Current 
(Except XTAL) 


O 

CLEAR Input Voltage V 
Schmitt Hysteresis 

D 

D 


|OH 


: Bs 


—250 = 


; 

! 

' 
— 
NO 
or 


aN 
(o>) 


Oo 


— oO 
on may 


I~ 


+10-4 | +1 


{= ) 


[o) fo) 


3-State Output Leakage Current lOUT 0,5 
Total Power Dissipation, f=5 MHzA 
Minimum Data Retention Voltage V VDD=VDR 


Data Retention Current IDR Vpop=2.4 V 
Input Capacitance CIN 


Output Capacitance COUT 


*Typical values are for Ta~=25°C and nominal Vpp. 
Aldie “00” at M(0000), CL =50 pF. 


L 
H 
Any 
Input Leakage Current IIN 
Input 
ee 


i 


NETT® [| w 
opi pp | Oo 
>i- | Ss] > >| > [YP] > 


— 

oi 
Tb 
oe a | 


DRAIN-TO-SOURCE VOLTAGE (Vps)-V 
-4 3 2 = O 


ane 
HHH 
HH ae 
a oe Het EL ean 
eee eee 
SBS SRENS PSOE SROs Reese eee 
HHL Sesneensennsaeannens 
Ht GATE-TO-SOURCE VOLTAGE (Vgg)= 5VIIT 


pee Hee eee te 


< 
E 
BS 
= 
2 
- 
z 
tJ 
x 
a 
> 
oO 
x 
= 
2 
= 
° 
- 
i 
> 
a 
- 
> 
o 


SRSRRRREREEAERee ERR 
RRRSSRES PARES CARRE RREOS SRR SSeRRRs RRR 
3 


< 
E 
pA 
a a 
z 
iJ 
x 
« 
> 
QO 
a 
S) 
a 
> 
(o) 
” 
x 
9° 
= 
i 
> 
ao 
ra 
2 
° 


1 
DRAIN-TO-SOURCE VOLTAGE (Vps)~ Vv 
92CS- 34664 92CS- 34665 


Fig. 4 - Minimum output high (source) current characteristics. Fig. 5 - Minimum output low (sink) current characteristics. 
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AMBIENT TEMPERATURE (T,)#25°C ro 
iT 
oe 


aH 

| Het +4 H 

seiiecaitsitt sci SECEEETCEEESt IESE 
sages eects eseuss 


ATES 
4 
sins Ht t | arRRST EE 


HH HHH 
sosiieg pet Hoe oe 
o TE HH 


ar ——— 
ae eee 

= a ee 

bara ee Ue B 


& PROPAGATION DELAY TIME ( dtp, y.Atpyi)-ns 


TYPICAL POWER DISSIPATION FOR CDPI8G2BC 


NOTES Sor ee. SPEC oO] 100 150 200 
. LU on 
LOLE «"00" ATM(O000) CLOCK ee FREQUENCY Ugg) M2 AT 50 pF ry DORR. SAEAS LIANE e WOU lr pe NOTE : ANY OUTPUT 
BRANCH ="3707"AT M (8107) 92CS-34666 EXCEPT 
C.*50 pF 92CS-34667 
Fig. 6 - Typical power dissipation as a function of clock Fig. 7 - Typical change in propagation delay as a 
frequency for BRANCH instruction and IDLE instruction. function of a change in load capacitance. 


1/0 REQUESTS 
MEMORY ADDRESS LINES 70 FLAGS 


lt F7 | CONTROL 
; OUT -— 1 


MAG MA4 MA2 MAO EFI EFS DMA 
MA7|MA5/MA3| MAI EF2IEF4 TN | INT) =6CLEAR WAIT 


MA CLOCK 


XTAL 

CONTROL AND ser} cones 
SCI 

TIMING LOGIC 

Q LoGiC 


TO INSTRUCTION MRD 
DECODE 


I/0 
COMMANDS 
N2 
[R(F). 1] R(F).O| 
8-BIT BIDIRECTIONAL DATA BUS 
Fig. 8 - CDP1802BC block diagram. 
92CM-34668R! 


pee ee oe FETCH (READ) amas aa a cad EXECUTE (WRITE ) aaa 


CLOCK OOFOI FIO} 11 20} 21 F300} 31 140) 41150151 FEO} 61470} 71100) OL FIO} 1 J2O] 21 J3O0F Si 40) 41 [50] 51 160) 61170) 71 


ADDRESS HI BYTE LOW BYTE LOW BYTE 


TPA 


TPB 
ee 
aaa aaa aaa (OT (ra 
oar 
92CM~- 33382 


Fig. 9 - Basic de timing waveforms, one instruction cycle. 
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SIGNAL DESCRIPTIONS 


BUS 0 to BUS 7 (Data Bus): 


8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 


NO to N2 (I/O) Lines): 


Activated by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and I/O interface. These 
lines can be used to issue command codes or device 
selection codes to the I/O devices (independently or 
combined with the memory byte on the data bus when an |/O 
instruction is being executed). The N bits are low at all times 
except when an //O instruction is being executed. During this 
time their state is the same as the corresponding 
bits in the N register. 


The direction of data flow is defined in the I/O instruction by 
bit N3 (internally) and is indicated by the level of the MRD 
signal. 

MRD=Vcc: Data from I/O to CPU and Memory 
MRD=Vsgs: Data from Memory to I/O 


EF1 to EF4 (4 Flags): 


These inputs enable the |/O controllers to transfer status 
information to the processor. The levels can be tested by the 
conditional branch instructions. They can be used in con- 
junction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to “call the attention” of the processor, in which case 
the program must routinely test the status of these flag(s). 
The flag(s) are sampled at the beginning of every S1 cycle. 


INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 


These inputs are sampled by the CDP1802BC during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 


interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is set 
to 1; interrupt enable is reset to O (inhibit); and instruction 
execution is resumed. The interrupt action requires one 
machine cycle (S3). 


DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into or 
read out of memory; and increment R(0). 


Note: In the event of concurrent DMA and Interrupt requests, 
DMA-IN has priority followed by DMA-OUT and then 
Interrupt. 


SCO, SC1, (2 State Code Lines): 


These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid at 
TPA. H=Vcc, L=Vss. 


TPA, TPB (2 Timing Pulses): 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA is 
suppressed in IDLE when the CPU is in the load mode. 


MAO to MA7 (8 Memory Address Lines): 


In each cycle, the higher-order byte of a 16-bit CPU memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low- 
order byte of the 16-bit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of 64K bytes. 


MWR (Write Pulse): 


A negative pulse appearing ina memory-write cycle, after the 
address lines have stabilized. 


MRD (Read Level): 


A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory which may have a common data input and output 
bus. Ifa memory does not have a three-state high-impedance 
output, MRD is useful for driving memory/bus separator 
gates. It is also used to indicate the direction of data transfer 
during an I/O instruction. For additional information see 
Table I. 


Q: 
Single bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction 


execution, Q is set or reset between the trailing edge of TPA 
and the leading edge of TPB. 


CLOCK: 

Input for externally generated single-phase clock. A typical 
clock frequency is 5 MHz at VcCc= Vpp=5 volts. The 
clock is counted down internally to 8 clock pulses per 
machine cycle. 

XTAL: 

Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. The 
crystal is connected between terminals 1 and 39 (CLOCK and 
XTAL) in parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be required at terminals 
1 and 39. For additional information, see |CAN-6565. 

WAIT, CLEAR (2 Control Lines): 


Provide four control modes as listed in the following truth 


table: 
CLEAR WAIT | _ MODE _ 
L 


L 
H 
H 


Vpp: Vss: Vcc (Power Levels): 


The internal voltage supply Vpp is isolated from the 
Input/Output voltage supply Vcc so that the processor may 
operate at maximum speed while interfacing with peripheral 
devices operating at lower voltage. VCC must be less than or 
equal to Vpp. All outputs swing from Vss to Vcc. The 
recommended input voltage swing is Vss to VCC. 
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ARCHITECTURE 


The CPU block diagram is shown in Fig. 8. The principal 
feature of this system is a register array (R) consisting of 
sixteen 16-bit scratchpad registers. Individual registers in 
the array (R) are designated (selected) by a 4-bit binary 
code from one of the 4-bit registers labeled N, P, and X. The 
contents of any register can be directed to any one of the 
following three paths: 

1. the external memory (multiplexed, higher-order byte 

first, on to 8 memory address lines); 
2. the D register (either of the two bytes can be gated to 


3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-bit register. 


The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 


With two exceptions, CPU instructions consist of two 8- 
clock-pulse machine cycles. The first cycle is the fetch 
cycle, and the second—and third if necessary—are execute 
cycles. During the fetch cycle the four bits in the P 
designator select one of the 16 registers R(P) as the current 
program counter. The selected register R(P) contains the 
address of the memory location from which the instruction 
is to be fetched. When the instruction is read out from the 
memory, the higher-order 4 bits of the instruction byte are 
loaded into the I register and the lower-order 4 bits into the 
N register. The content of the program counter is auto- 
matically incremented by one so that R(P) isnow “pointing” 
to the next byte in the memory. 


The X designator selects one of the 16 registers R(X) to 
“point” to the memory for an operand (or data) in certain 
ALU or I/O operations. 


The N designator can perform the following five functions 
depending on the type of instruction fetched: 

1. designate one of the 16 registers in R to be acted upon 
during register operations; 

2. indicate to the I/O devices a command code or device- 
selection code for peripherals; 

3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific operation 
required inaclass of miscellaneous instructions (70-73 
and 78-7B); 

4. indicate the value to be loaded into P to designate anew 
register to be used as the program counter R(P); 

5. indicate the value to be loaded into X to designate a new 
register to be used as data pointer R(X). 


The registers in R can be assigned by a programmer in three 
different ways: as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 


Program Counters 


Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a “call” to a subroutine. When interrupts 
are being serviced, register R(1) is used as the program 
counter for the user’s interrupt servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 


Data Pointers 


The registers in R may be used as data pointers to indicatea 
locationin memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 
I): 

. ALU operations F1-F5, F7, 74, 75, 77; 

. output instructions 61 through 67; 

. input instructions 69 through 6F; 

. certain miscellaneous instructions — 70-73, 78, 60, FO. 
The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory” instructions ON and 4N and 
the “Store D” instruction 5N. The register designated by P 
(i.e., the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 7C, 7D, 7F. During these 
instruction executions, the operation is referred to as “data 
immediate”. 


Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received, one machine 
cycle is “stolen”. This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(0) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written into 
(DMA-In) the memory location pointed to by the R(Q) 
register. At the end of the transfer, R(0) is incremented by 
one so that the processor is ready to act upon the next DMA 
byte transfer request. This feature in the 1800-series 
architecture saves a substantial amount of logic when fast 
exchanges of blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh cycles. 


OND — 


Data Registers 


When registers in R are used to store bytes of data, four 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers in R to be used to hold 
general data. By employing increment or decrement instruc- 
tions, such registers may be used as loop counters. 


The Q Flip Flop 


An internal flip flop, Q, can be set or reset by instruction and 
can be sensed by conditional branch instructions. The output 
of Q is also available as a microprocessor output. 


Interrupt Servicing 


Register R(1) is always used as the program counter whenever 
interrupt servicing is initiated. When an interrupt request 
occurs and the interrupt is allowed by the program (again, 
nothing takes place until the completion of the current 
instruction), the contents of the X and P registers are stored 
inthe temporary register T, and X and P are set to new values; 
hex digit 2 in X and hex digit 1 in P. Interrupt Enable is 
automatically de-activated to inhibit further interruptions. 
The user’s interrupt routine is now in control; the contents of 
T may be saved by means of a single instruction (78) in the 
memory location pointed to by R(X). At the conclusion of the 
interrupt, the user’s routine may restore the pre-interrupted 
value of X and P with a single instruction (70 or 71). The 
interrupt-Enable flip flop can be activated to permit further 
interrupts or can be disabled to prevent them. 
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CPU Register Summary 


| D_| sBits | Data Register (Accumulator) | 
| B | 8Bits | Auxiliary Holding Register 
| R | 16Bits | 1 of 16 Scratchpad Registers 

4 Bits Designates which register is 
a le 
Designates which register is 
Data Pointer 


Holds Low-Order Instr. Digit 
Holds High-Order Instr. Digit 


T 8 Bits Holds old X, P after Interrupt 
(X is high nibble) 
ue 


Interrupt Enable 
Output Flip Flop 


CDP1802 Control Modes 


The WAIT and CLEAR lines provide four control modes as 
listed in the following truth table: 


The function of the modes are defined as follows: 
Load 


Holds the CPU in the IDLE execution state and allows an I/O 
device to load the memory without the need for a “bootstrap” 
loader. It modifies the IDLE condition so that DMA-IN 
operation does not force execution of the next instruction. 


Reset 


Registers |, N, Q are reset, IE is set and 0’s (Vss) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in S1. The first machine cycle 
after termination of reset is an initialization cycle which 
requires 9 clock pulses. During this cycle the CPU remainsin 
Si and registers X, P, and R(0) are reset. Interrupt and DMA 
servicing are suppressed during the initialization cycle. The 
next cycle is an SO, S1, or an S2 but never an S3. With the use 
of a 71 instruction followed by 00 at memory locations 0000 
and 0001, this feature may be used to reset IE, so as to 
preclude interrupts until ready for them. Powerup reset can 
be realized by connecting an RC network directly to the 
CLEAR pin, since it has a Schmitt-triggered input, see Fig. 10. 


COPI|802BC 


The RC time constant 
should be greater than 

the oscillator start-up time 
(typically 20 ms). 


92CS-34669RI 


Fig. 10 - Reset diagram. 


Pause 


Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input clock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 


Run 


May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation on the first 
negative high-to-low transition of the input clock. When 
initiated from the Reset operation, the first machine cycle 
following Reset is always the initialization cycle. The initial- 
ization cycle is then followed by a DMA (S2) cycle or fetch 
(SO) from location 0000 in memory. 


RUN-MODE STATE TRANSITIONS 


The CDP1802BC CPU state transitions when in the RUN and 
RESET modes are shown in Fig. 11. Each machine cycle 
requires the same period of time, 8 clock pulses, except the 
initialization cycle, which requires 9 clock pulses. The 
execution of an instruction requires either two or three 
machine cycles, SO followed by a single S1 cycle or two S1 
cycles. S2 is the response to a DMA request and S3 is the 
interrupt response. Table II shows the conditions on Data 
Bus and Memory-Address lines during all machine states. 


IDLE*DMASINT 


FORCE S1 
(LONG BRANCH, 
LONG SKIP, NOP, ETC) 


INTCDMA 


PRIORITY: FORCE SO, $1 ' INT*eDMA 
N 


DMA OUT 92CS-33872 


Fig. 11 - State transition diagram. 
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INSTRUCTION SET 
The CPU instruction summary is given in Table I. Hexadecimal R(W).0: Lower-order byte of R(W) 
notation is used to refer to the 4-bit binary codes. R(W).1: Higher-order byte of R(W) 
In all registers bits are numbered from the least significant bit Operation Notation 
(LSB) to the most significant bit (MSB) starting with 0. M(R(N)) ~ D; R(N) + 1 — R(N) 
R(W): Register designated by W, where This notation means: The memory byte pointed to by R(N) is 


WEN or X, or P loaded into D, and R(N) is incremented by 1. 


TABLE I — INSTRUCTION SUMMARY (See Notes following table, pp. 11 and 12) 


INSTRUCTION | aie oca: OPERATION 


MEMORY REFERENCE 

LOAD VIA N M(R(N igs FOR N NOT 0 

LOAD ADVANCE M(R(N))—D; (RN)+1 —R(N) 

LOAD VIA X M(R(X))—-D 

LOAD VIA X AND ADVANCE M(R(X))—D; R(X)+1—-R(X) 

LOAD IMMEDIATE M(R(P))—D; R(P)+1--R(P) 

STORE VIAN D—M(R(N)) 

STORE VIA X AND D--M(R(X)); R(X)—1—-R(X) 
DECREMENT 

REGISTER OPERATIONS 

INCREMENT REG N R(N)+1—R(N) 

DECREMENT REG N R(N)—1—R(N) 


= 
INCREMENT REG X R(X) +1-R(X) 
GET LOW REG N R(N).0-D 
PUT LOW REG N D—R(N). : 
GET HIGH REG N oa i 
PUT HIGH REG N eee 1 


LOGIC OPERATIONS f 


OR M(R(X)) OR D—D 

OR IMMEDIATE M(R(P)) OR D—D; 
R(P)+1—R(P) 

EXCLUSIVE OR M(R(X)) XOR D—D 

EXCLUSIVE OR IMMEDIATE M(R(P)) XOR D—D: 
R(P)+1—R(P) 

AND M(R(X)) AND D-D 

AND IMMEDIATE M(R(P)) AND DD; 
R(P)+1—R(P) 

SHIFT RIGHT SHIFT D RIGHT, LSB(D)—DF, 
O-MSB(D) 

SHIFT RIGHT WITH CARRY SHIFT D RIGHT, LSB(D)—DF, 
DF--MSB(D) 

RING SHIFT RIGHT 

SHIFT LEFT SHIFT D LEFT, MSB(D)--DF, 
0-LSB(D) 

SHIFT LEFT WITH CARRY | SHIFT D LEFT, MSB(D)—DF, 
DF--LSB(D) 

RING SHIFT LEFT 
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TABLE I — INSTRUCTION SUMMARY (Cont'd) 


OP 
INSTRUCTION | eae! CODE OPERATION 


ARITHMETIC OPERATIONS # 
ADD M(R(X))+D—DF, D 
ADD IMMEDIATE M(R(P))-+D—-DF,D; R(P)+1—R(P) 
ADD WITH CARRY M(R(X))+D+DF—DF, D 
ADD WITH CARRY, IMMEDIATE M(R(P))+D+DF—DF, D 
R(P)+1—R(P) 
SUBTRACT D M(R(X))—-D—DF, D 
SUBTRACT D IMMEDIATE M(R(P))—D—DF, D; 
R(P)+1—R(P) 
SUBTRACT D WITH BORROW | M(R(X))—D—(NOT DF)—DF, D 
SUBTRACT D WITH M(R(P))—D—(NOT DF)—DF, D; 
BORROW, IMMEDIATE R(P)+1—R(P) 
SUBTRACT MEMORY D—M(R(X))—DF, D 
SUBTRACT MEMORY IMMEDIATE D—M(R(P))—DF, D; 
R(P)+1—R(P) 
SUBTRACT MEMORY WITH BORROW D—M(R(X))—(NOT DF)—DF, D 
SUBTRACT MEMORY WITH D—M(R(P))—(NOT DF)—DF, D 
BORROW, IMMEDIATE R(P)+1—R(P) 
SHORT BRANCH M(R(P))—-R(P).0 
NO SHORT BRANCH (SEE SKP) | R(P)+1—R(P) 
SHORT BRANCH IF D=0 IF D=0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 
SHORT BRANCH IF D NOT 0 IF D NOT 0, M(R(P))—-R(P).0 
| ELSE R(P)+1—R(P) 
SHORT BRANCH IF DF=1 IF DF=1, M(R(P))—-R(P).0 
SHORT BRANCH IF POS OR ZERO ELSE R(P)+1—R(P) 
SHORT BRANCH IF EQUAL OR 
GREATER 
SHORT BRANCH IF DF=0 IF DF=0, M(R(P))—-R(P).0 
SHORT BRANCH IF MINUS ELSE R(P)+1—R(P) 
SHORT BRANCH IF LESS 
SHORT BRANCH IF Q=F | IF Q=1, M(R(P))—R(P).0 
ELSE R(P)+1--R(P) 
SHORT BRANCH IF Q=0 IF Q=0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 
SHORT BRANCH IF EF1=1 IF EF1=1, M(R(P))—R(P).0 
(EF1=Vss) ELSE R(P)+1—R(P) 
SHORT BRANCH IF EF1=0 | IF EF1=0, M(R(P))—R(P).0 
(EF1=Vcc) ELSE R(P)+1—R(P) 
SHORT BRANCH IF EF2=1 IF EF2=1, M(R(P))—-R(P).0 
(EF2=Vss) ELSE R(P)+1—R(P) 
SHORT BRANCH IF EF2=0 : IF EF2=0, M(R(P))—-R(P).0 
(EF2=Vcc) ‘ELSE R(P)+1--R(P) 
SHORT BRANCH IF EF3=1 IF EF3=1, M(R(P))—R(P).0 
(EF3=Vss) ELSE R(P)+1—R(P) 
SHORT BRANCH IF EF3=0 IF EF3=0, M(R(P))—-R(P).0 
(EF3=Vcoc) ELSE R(P)+1—R(P) 
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TABLE I — INSTRUCTION SUMMARY (Cont'd) 


INSTRUCTION CODE 
BRANCH INSTRUCTIONS—SHORT BRANCH 


OPERATION 


SHORT BRANCH IF EF4=1 
(EF4=Vgs) 


SHORT BRANCH IF EF4=0 
(EF4=Vcc) 


IF EF4=1, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 

IF EF4=0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 


LONG BRANCH 


NO LONG BRANCH (SEE LSKP) 


LONG BRANCH IF D=0 


LONG BRANCH IF D NOT 0 


LONG BRANCH IF DF=1 


LONG BRANCH IF DF=0 


LONG BRANCH IF Q=1 


LONG BRANCH IF Q=0 


M(R(P))—-R(P).1 
M(R(P)+1)—-R(P).0 
R(P)+2—R(P) 
IF D=0, M(R(P))—-R(P).1 
M(R(P)+1)—-R(P).0 
ELSE R(P)+2—R(P) 
IF D NOT 0, M(R(P))—R(P).1 
M(R(P)+1)—-R(P).0 
ELSE R(P)+2—R(P) 
IF DF=1, M(R(P))--R(P).1 
M(R(P)+1)—-R(P).0 
ELSE R(P)+2—R(P) 
iF DF=0, M(R(P))—-R(P).1 
M(R(P)+1)—R(P).0 
ELSE R(P)+2—R(P) 
IF Q=1, M(R(P))—-R(P).1 
M(R(P)+1)—R(P).0 
ELSE R(P)+2—R(P) 
IF Q=0, M(R(P))—R(P).1 
M(R(P)+1)—-R(P).0 
ELSE R(P)+2—R(P) 


SKIP INSTRUCTIONS 

SHORT SKIP (SEE NBR) 
LONG SKIP (SEE NLBR) 
LONG SKIP IF D=0 


LONG SKIP IF D NOT 0 


LONG SKIP IF DF=1 


LONG SKIP IF DF=0 


LONG SKIP IF Q=1 


LONG SKIP IF Q=0 


LONG SKIP IF IE=1 


R(P)+1—R(P) 

R(P)+2—-R(P) 

IF D=0, R(P)+2—R(P) 
ELSE CONTINUE 

IF D NOT 0, R(P)+2—R(P) 
ELSE CONTINUE 

IF DF=1, R(P)+2—R(P) 
ELSE CONTINUE 

IF DF=0, R(P)+2—-R(P) 
ELSE CONTINUE 

IF Q=1, R(P)+2—R(P) 
ELSE CONTINUE 

IF Q=0, R(P)+2—R(P) 
ELSE CONTINUE 

IF lE=1, R(P)+2—R(P) 

ELSE CONTINUE 
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TABLE I — INSTRUCTION SUMMARY (Cont'd) 


op 
INSTRUCTION eee | CODE OPERATION 


CONTROL INSTRUCTIONS 

IDLE WAIT FOR DMA OR INTERRUPT; 
M(R(0))-BUS 

CONTINUE 


NO OPERATION 
SET P 

SET X 

SETQ 

RESET Q 

SAVE 

PUSH X,P TO STACK 


T-—M(R(X)) 

(X,P)—T; (X,P)-M(R(2)) 
THEN PX; R(2)—1—R(2) 
M(R(X))—-(X,P); R(X)+1—-R(X) 
1—IE 

M(R(X))—-(X,P); R(X)+1--R(X) 
O—IE 


RETURN 


DISABLE 


INPUT-OUTPUT BYTE TRANSFER 
OUTPUT 1 


M(R(X))-BUS;R(X)+1—-R(X); N LINES=1 


)) 
OUTPUT 2 M(R(X))—-BUS;R(X)+1—-R(X); N LINES=2 
OUTPUT 3 M(R(X))~BUS;R(X)+1—-R(X); N LINES=3 
OUTPUT.4 M(R(X))-BUS;R(X)+1—R(X); N LINES=4 
OUTPUT 5 M(R(X))—-BUS;R(X)+1—-R(X); N LINES=5 
OUTPUT 6 M(R(X))—-BUS;R(X)+1—R(X); N LINES=6 


OUTPUT 7 


M(R(X))-BUS;R(X)+1—-R(X); N LINES=7 


INPUT 1 BUS—M(R(X)); BUS—D; N LINES=1 
INPUT 2 BUS—M(R(X)); BUS—D; N LINES=2 
INPUT 3 BUS--M(R(X)); BUS—D; N LINES=3 
INPUT 4 BUS~—M(R(X)); BUS—D; N LINES=4 
INPUT 5 BUS—M(R(X)); BUS~D; N LINES=5 
INPUT 6 BUS—M(R(X)); BUS—D; N LINES=6 
INPUT 7 BUS—M(R(X)); BUS—D; N LINES=7 


STHE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS ARE THE ONLY INSTRUCTIONS THAT CANALTERTHEDF. AFTER 
AN ADD INSTRUCTION: 

DF=1 DENOTES A CARRY HAS OCCURRED 

DF=0 DENOTES A CARRY HAS NOT OCCURRED 

AFTER A SUBTRACT INSTRUCTION: 

DF=1 DENOTES NO BORROW. D IS A TRUE POSITIVE NUMBER 

DF=0 DENOTES A BORROW. D IS TWO’S COMPLEMENT 

THE SYNTAX “—(NOT DF)” DENOTES THE SUBTRACTION OF THE BORROW 


STHIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED. 


#AN IDLE INSTRUCTION INITIATES A REPEATING S1 CYCLE. THE PROCESSOR WILL CONTINUE TO IDLE UNTIL AN I/O REQUEST 
(INTERRUPT, DMA-IN, OR OMA-OUT) IS ACTIVATED. WHEN THE REQUEST IS ACKNOWLEDGED, THE IDLE CYCLE IS TERMINATED 
AND THE 1/O REQUEST !S SERVICED, AND THEN NORMAL OPERATION IS RESUMED. 

Notes for TABLE I 


1. Long-Branch, Long-Skip and No Op instructions are e) effect an unconditional no branch 


the only instructions that require three cycles to If the tested condition is met, then branching takes 
complete (1 fetch +2 execute). place; the branching address bytes are loaded in the 


Long-Branch instructions are three bytes long. The high- and low-order bytes of the current program 
first byte specifies the condition to be tested; and the counter, respectively. This operation effects a branch 
second and third byte, the branching address. to any memory location. 

The long-branch instructions can: If the tested condition is not met, the branching 
a) Branch unconditionally address bytes are skipped over, and the next in- 
b) Test for D=0 or D¥0 struction in sequence is fetched and executed. This 
c) Test for DF=0 or DF=1 operation is taken for the case of unconditional no 


d) Test for Q=0 or Q=1 branch (NLBR). 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T,=-40 to +85°C, C_=50 pF, Vpp+5%, except as noted. 


Propagation Delay Times: 
Clock to TPA, TPB tPLH. tPHL 
Clock-to-Memory High-Address Byte tPLH, tPHL 
Clock-to-Memory Low-Address Byte Valid tPLH: tPHL 
Clock to MRD tPLH, tPH| 
Clock to MWR tPLH, {PHL 
Clock to (CPU DATA to BUS) Valid tPLH, tPHL 
Clock to State Code tPLH, tPHL 
Clock to Q tPLH: tPHL 


Clock to N (0-2) tPLH, tPHL 


Minimum Setup and Hold Times: 
Data Bus Input Setup tsu 
Data Bus Input Hold tH® 
DMA Setup tsu 


DMA Hold 
Interrupt Setup 
Interrupt Hold 
VAIT Setup 
EF1-4 Setup 
EF1-4 Hold 
Minimum Pulse Width Times: 
CLEAR Pulse a 


*Typical values are for Ta=25°C and nominal Vpp. 


Maximum limits of minimum characteristics are the values above which all devices function. 


Notes for TABLE 1 (Continued) 


. The short-branch instructions are two bytes long. The 
first byte specifies the condition to be tested, and the 
second specifies the branching address. 


The short-branch instruction can: 
a) Branch unconditionally 
b) Test for D=0 or D¥0 
c) Test for DF=0 or DF=1 
d) Test for Q=0 or Q=1 
e) Test the status (1 or 0) of the four EF flags 
f) Effect an unconditional no branch 


If the tested condition is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position of the current. program 
counter. This effects a branch within the current 256- 
byte page of the memory, i.e., the page which holds the 
branching address. If the tested condition is not met, 
the branching address byte is skipped over, and the 
next instruction in sequence is fetched and executed. 
This same action is taken in the case of unconditional 
no branch (NBR). 


. The skip instructions are one byte long. There is one 
Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 


“The Unconditional Short-Skip instruction takes 2 cycles 


to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following it. Then the next instruction in 
sequence is fetched and executed. This SKP instruction 
is identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte is not 
considered part of the program. 


The Long-Skip instructions take three cycles to 
complete (1 fetch +2 execute). 


They can: 
a) Skip unconditionally 
b) Test for D=0 or D¥0 
c) Test for DF=0 or DF=1 
d) Test for Q=0 or Q=1 
e) Test for |IE=1 


If the tested condition is met, then Long Skip takes 
place; the current program counter is incremented 
twice. Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition is not met, then no action is taken. 


Execution is continued by fetching the next instruction 
in sequence. 
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| 
| | | | | 
| | 
| | ) | ied igen) 
TPB | 7 | | | | : 
SU oe} | | 


MEMORY | HIGH ORDER *PLH:tPH LOW ORDER 
ADDRESS ADDRESS BYTE [i “A | ADDRESS BYTE 
| 


| 


: | 
MRD tPLH Tr tsu! || | | | pL 
(MEMORY ] ee | | | ] 
READ CYCLE) | i 


MWR | tPLH tPHL tPLH 
(MEMORY 
WRITE CYCLE) | ! | 


DATA FROM 
CPU TO BUS 


| 

state IPLH.A ie "PLA WY 
/ 

CODES tpHi’ tPHL 


Q | | tPLH» tPHL ! 


NO,NI,N2 

(1/0 
EXECUTION 
CYCLE) 


TLL LL 


DMA | SAMPLED (SI,S2,S3) 


DMA 
peeencaaal | interRuPT \'SU__tH Tf 


| 

| SAMPLED (SI, S2) | 
INTERRUPT | | 
REQUEST | FLAG LINES \tsut tH yf 


SAMPLED (IN St) 


DATA FROM 
BUS TO CPU 


EF 1-4 [tsu ty \ 
\ | 


ANY NEGATIVE 
TRANSITION 


NOTES: 

|. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS 
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE 

2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE 92CL -33869R2 
WAVEFORMS 

3. SHADED AREAS INDICATE "OON'T CARE" OR UNDEFINED STATE, 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD 


Fig. 12 - Timing wavetorms. 
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TPB tHAA { 
i HAB 
MEMORY Z HIGH ORDER LOW ORDER Wy 
ADDRESS ADDRESS BYTE ADDRESS BYTE tHAW | 
MRD taAD as) ' 
(MEMORY) HRB 


sie ]——{ 
BOY LM YELLE 
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Fig. 13 - Clock frequency dependent relative timing waveforms. 


TIMING SPECIFICATIONS as a function of T(T=1/fCLOCk) at Ta=-40 to +85°C 


IMIT 
CHARACTERISTIC a ts aie UNITS 
High-Order Memory-Address Byte 
27-325 | 2T-275 
High-Order Memory-Address Byte 
T/2- T/2- 
Low-Order Memory-Address Byte 
-3 + 


CPU Data to Bus Hold 
5 5 T-175 | T-125 
Low-Order Memory-Address Byte 
T/2+0 |T/2+1 
Hold after TPB Time 5 | T/20 [r/2+t09 


MRD Hold to TPB Time T/2-25 | T/2+0 


Required Memory Access Time 


5T-225 | 5T-175 
Address to Data 


PMD: to TRA C5 )r on et | 20] | 


Typical values are for Ta=25°C and nominal Vpp. 
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TABLE II. Soren ON DATA BUS AND MEMORY ADDRESS LINES DURING 
_ALL_ MACHINE STATES 


DATA MEMORY 
STATE OPERATION BUS ADDRESS ne ead 


CMOS Microprocessors, Memories and Peripherals 


RESET 0-1,N,Q,X,P; 


$1 INITIALIZE 0000—R XXXX 1 1 
NOT PROGRAMMER 
ACCESSIBLE 
BO Mh I 
RP+1—RP 
| ieee | po To to a 
poo | re | ton | ano | aN | aN | to ft tt 


ng _attsaly__/_FLQAT._7_pN 4} tt gt 
[| RN-i-RN_ | FLoaT | RN | dt Tt Tt 


MRP—RP. 0 1 
NOT TAKEN; 


Oo 


ao 


a 


S1 ee oc Vo ae Sn Ge 


NO FPO 


MRX—BUS; 
RX+1—RX 


DATA 

FROM 

1/O 

RX 1 
el ll 4 Ml BN 
RX+1—RX; 1-1E 

Hi al a ll 
RX+1—RX; 0-IE 
Wl 96 Wl Ml il el ED 


DEVICE 
a4 STXD D—MRxX; RX 1 
RX—1—RX 
DF-DF,D 


BUS~MRX,D 


T“™mouowdroeoNoarh own = 


NO nf DWN AIN Oa fh DN — 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 
ALL MACHINE STATES (CONT'D) 


eal eee eee ee 
STATE OPERATION BUS ADDRESS LINES | NOTESG 
57a al 
DFN—DF.D 
Se Pee 
DF-MSB(D 
ee 
DEN-DF,D 
st 7 | 8 | sAv__|___T=MRx eee ie es (i a a 
ope es “PAR 
p—-X: R2-1—R2 
A REO. le 00 | EROAT. | RP | ns ee = 
VB Sk feo | crtoar | Re) i a a 
te sed 
DF--DF,D; RP-+1 
SDBI MRP—D— 1 3 
DFN—DF,D: 
RP+1 
epee ee 
DF—-LSB(D 
F SMBI D—MRP— 1 3 
DFN--DF,D: 
RP+1 
8 | of | Glo |  ANO-D ee ee eee 
9 | of | GH [| RAN1->D [| __saRNJ a a re eee ee 
ae eae ee ee 
|B | OF ee ee ee ee 
StH TAKEN: MRP—B: io 
RP+1—RP 


LONG TAKEN: B~RP.1; M(RP+1) RP+1 


42 
0-3, | BRANCH MRP--RP.0 
RP-+1—RP 
#2 Cc NOT TAKEN: M(RP+1) ae ae 
RP-+1—RP 
| RP | co | 


LONG TAKEN: RP+1—RP M(RP+1) RP+1 


SKIP 
NO OPERATION 
NO OPERATION 


S1#1 


2] f 
tH —k th a 
ie] tt Nh aoa 
—_ _s 


tt 
Le) 
-|- 


—_ 


-|- 
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DMA sence BUS—MRO: 
RO+1—-RO 1/0 DEVICE 

DMA OUT MRO--BUS: ae 
RO+1—-RO 

ee 
1=P: 2x 

LOAD IDLE M(RO—1) 
(CLEAR, WAIT=0) 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 


ALL MACHINE STATES (CONT'D) 


sisi noTEs® 


3 


MRX OR D-D 
MRX AND D-—D 
MRX XOR D—D 
MRX+D-—DF,D 
MRX—D-DF,D 
D—MRX-—DF,D 


OmN oO f& @®NDNM — 


E 


MRP OR D—D; 
RP+1—RP 
MRP AND D-D; 
RP+1—RP 
MRP XOR D—D: 
RP+1—RP 
MRP+D-—DF,D; 
RP+1—RP 
MRP—D-DF,D; 
RP+1—RP 
D—MRP-—DF,D: 
oe 


ake MSB(D FLOAT 
a D 


0 


foe 


a 
i | 


m 
wo 


at 
co 


1E= 1, TPA, TPB suppressed, state=S1. 
. BUS=0 for entire cycle. 
. Next state always S1. 


. Suppress TPA, wait for DMA. 
. IN REQUEST has priority over OUT REQUEST. 


A. 
B 
Cc 
D. Wait for DMA or INTERRUPT. 
E 
F 
G 


. Number refers to machine cycle. See Fig. 14 timing waveforms for machine cycles 1 through 9. 
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ON es ce ee ee 


ae CYCLE n | CYCLE (n+ 1) [-. -OYelLetijme | (n+ 2) CYCLE (n + 3) [ CYCLE (n + 4) F 


MA HIGH ADD LOW ADDRESS HIGH ADD LOW ADDRESS HIGH ADD LOW ADDRESS HIGH ADD LOW ADDRESS HIGH ADD Ww 


General timing waveforms. 


INSTRUCTION FETCH (SO) EXECUTE (SI) FETCH (SO) EXECUTE (Si) FETCH (SO) 
‘ MEMORY 
je MEMORY READ CYCLE eee. NON MEMORY CYCLE ——tofue— MEMORY READ CYCLE ——w{¢—— NON MEMORY CYCLE —-feg— os 
aoe CYCLE 
MRD 
MWR (HIGH) 
MEMORY 
OUTPUT 


+____—____~ 
ALLOWABLE MEMORY ACCESS 


VALIC OUTPUT VALID OUTPUT 


No. 1 Non-memory-cycle timing waveforms. 


erueos FETCH (SO) EXECUTE (SI) FETCH (SO) EXECUTE (St) FETCH (SO) 


b+— Memory READ CYCLE ——ehe—— MEMORY WRITE CYCLE —thee— MEMORY READ CYCLE —ombe— — MEMORY WRITE CYCLE —tfe— MEMORY 
poe READ 
MRD | |_cycte 


MEMORY 


ne Cte 
<+——____—__» 
ALLOWABLE MEMORY ACCESS t_ vatio oureun VALID OUTPUT 
CPU OUTPUT 
ae ola: OFF VALID DATA OFF 
| MEMORY 


No. 2 Memory write-cycle timing waveforms. 


INSTRUCTION FETCH (SO) EXECUTE (SI) FETCH (SO) EXECUTE (S1) FETCH (SO) 
|x MEMORY READ CYCLE eh — MEMORY READ CYCLE {a MEMORY READ CYCLE —fa¢— MEMORY READ CYCLE». MEMORY 
READ 


YCLE 


MWR (HIGH) 


MEMORY 
OUTPUT 


CMLL LLL LLL 


ALLOWABLE MEMORY ACCESS 


VALID OUTPUT 


VLMLLLLLLLLLLLL LA 


<+___ 
VALID OUTPUT 


VLNILLLLLLLLLL LL A 


VALID OUTPUT 


VN LLL LLL A, 


VALID OUTPUT 


No. 3 Memory read-cycle timing waveforms. 


INSTRUCTION FETCH (SO) EXECUTE (S1) EXECUTE (St) FETCH (SO) EXECUTE (S1) 
}*— MEMORY READ CYCLE —ehe—— MEMORY READ CYCLE -mfe—— MEMORY READ CYCLE -efar——MEMORY READ CYCLE—eofa»-——— MEMORY 
mrp | | | | | | | |_cycte 
MWR (HIGH) 
MEMORY 


OUTPUT 


MLL, ULALLLLLA 


ALLOWABLE MEMORY ACCESS 


No. 4 Long-branch or long-skip-cycle timing waveforms. 


WA “Don't Care” or internal delays Hoe dy High impedance state 


UUUMMIM «MLA 


VALID OUTPUT 


LALLA 


VALID OUTPUT 


VLMLLLLLLLLLLALL LA 


VALID OUTPUT 


92CL- 29600 


Fig. 14 - Machine-cycle timing waveforms (propagation delays not shown). 
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TPB 
MACHINE CYCLE 
MRD 
NO-—N2 N=9—F 


MWR 
MEMORY 
OUTPUT 


oe 


ALLOWABLE MEMORY ACCESS VALID OUTPUT 

DATA BUS. VALID DATA FROM INPUT DEVICE 
| MEMORY MEMORY 
| READ CYCLE WRITE CYCLE 


“User-generated signal 


92CS—2960I 
No. 5 Input-cycle timing waveforms. 
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 
CLOCK 
Sat eee Re eee ee ee ME Cee ee eee re eee eee 
De a NE ee ee ee ee 
eye tle OLED CLE 
CYCLE CYCLE n CYCLE (n+ 1) 
~ INSTRUCTION FETCH (SO) EXECUTE (S1) 
MRD | | | 
NO — N2 N-1—7 
ALLOWABLE MEMORY ACCESS 
+ 
DATA BUS 


| 


VALID DATA FROM MEMORY ome 


a 
ALLOWABLE MEMORY ACCESS VALID OUTPUT 


DATA STROBE * 
(MRD - TPB. N) 


MEMORY 


= READ CYCLE von 
| 


“User-generated signal 


VLE “Don't Care” or internal delays 


MEMORY 
~~ READCYCLE 


YeCSs~29e07d 


High impedance state 


No. 6 Output-cycle timing waveforms. 


Fig. 14 - Machine-cycle timing waveforms (propagation delays not shown). Continued. 
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WINE ln Oe CE ee OLE vee 
INSTRUCTION | FETCN s0)—s=~=“‘é™N#*dNC#C#NWO#C#SNEGUTE ON) s=“‘ésdC“‘(s$’” COMA) Sd Pen iso) 
DMALIN' 2-.-_~-_-L_xxxxxxxxxz22n2qlq2qccLELLELLLLLE VL Lx QQ. 


MRD Ns casei ns ei” Yee fei ~ 


MWR a | ee] 
MWR 
won GMMMDTSMLELALLDD _ULALLUD MMU, SLA UMMMLLMALDLMA A 


VALID OUTPUT VALID OUTPUT 


DATA BUS” VALID DATA FROM INPUT DEVICE 
{ 


A SOBY MEMORY 
ee eee READ, WRITE OR =————tjuq———___ MEMORY 
| READ CYCLE | NON.MEMORY CYCLE WRITE CYCLE READ CYCLE =| 


User-generated signal _ 92CS—29603 
No. 7 DMA-IN-cycle timing waveforms. 


MACHINE 


ee SCE) 
INSTRUCTION SA ee 
MRD ee ee ee az, 
MWR eset 
oun VM MECC MM CCCCLEL 
DATA’ VALID OUTPUT VALID DATA FROM MEMORY 
eek | rare | | 
att a Bon ne 88 8 an 
“User-generated signal 92CM—-29604RI 
No. 8 DMA-OUT-cycle timing waveforms. 
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 


CLOCK 


I ee 


vce LOE OLE CYCLE (+7) 
INSTRUCTION “[ FETCH (so) EXECUTES INTERRUPT (3) FETCH (SO) 
MRD Alea ee ee a J 
MWR Sane. 
INTERRUPT * Z a 
(INTERNAL) JE me el ee ee 


MEMORY ; GI LELLIL XLMILLLLLLL LL LLL AN 


«> 
VALID OUTPUT VALID OUTPUT 
| | | | | 


- MEMORY MEMORY 
| READ CYCLE | OR NON. MEMORY CYCLE | READ CYCLE 


“User-generated signal 


Wi “Don't Care” or internal delays. La High-impedance state 


No. 9 INTERRUPT-cycle timing waveforms. 
Fig. 14 - Machine-cycle timing waveforms (propagation delays not shown). Continued. 
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TERMINAL ASSIGNMENT 


Voo 


DMA OUT 
INTERRUPT 


TOP VIEW 


The RCA-CDP1804AC is a functional and performance 
enhancement of the CDP1802, CDP1805A, and 
CDP1806A CMOS 8-bit register-oriented microprocessor 
series and is designed for use in a wide variety of general- 
purpose applications. 


The CDP1804AC hardware enhancements include a 2K- 
byte ROM, a 64-byte RAM, and a 8-bit presettable down 
counter. The Counter/Timer, which generates an internal 
interrupt request, can be programmed for use in time- 
base, event-counting, and pulse-duration measurement 
applications. The Counter/Timer underflow output can 
also be directed to the Q output terminal. 


The CDP1805AC and CDP1806AC which are identical to 
the CDP1804AC, except for the on-chip memory, should 
be used for CDP1804AC development purposes. 


MAO -MA7 


CDPIB04AC 
8- BIT CPU MWR 
WITH ROM, 
RAM, AND 
COUNTER/ TPA 
TIMER 


CDPI85I 
PIO 


BUSO- BUS7 BUSO - BUS7 


8-BIT DATA BUS 


Performance Features: 


CMOS Microprocessors, Memories and Peripherals 


CMOS 8-Bit Microcomputer With 
ams  QOn-Chip RAM, ROM, and Counter/Timer 


TPB a Instruction time of 3.2 pus, -40 to +85°C 

ed ® 123 instructions-upwards sofware compatible with 

MAS CDP1802, CDP1805A, and CDP1806A 

oe = BCD arithmetic instructions 

MA2 = Low-power IDLE mode 

ae = Pin compatible with CDP1802, CDP1805A, and CDP1806A 
ade except for terminal 16. 

EFS = 64K-byte memory address capability 

EF4 = 2K bytes of on-chip ROM 


92cs- 34980 m 64 bytes of on-chip RAM 


= 16x 16 matrix of on-board registers 
= On-chip crystal or RC controlled oscillator 
a 8-bit Counter/Timer 


The CDP1804AC software enhancements include 32 more 
instructions than the CDP1802. The 32 additional 
software instructions include subroutine call and return 
capability, enhanced data transfer manipulation, 
counter/timer control, improved interrupt handling, 
single-instruction loop counting, and BCD arithmetic. 


Upwards software and hardware compatibility are 
maintained when substituting a CDP1804AC for other 
CDP1800-series microprocessors. Pinout is identical 
except for the replacement of Vcc with EMS/ME. 


The CDP1804AC has an operating voltage range of 4 V to 
6.5 V and is supplied in a 40-lead hermetic dual-in-line 
ceramic package (D suffix), and in a 40-lead dual-in-line 
plastic package (E suffix). 


ADDRESS BUS l 
Sere ete ne oma et 
| 
ne SZ 
| MAO-MA7 | (MAO -MAz7 | 
| 
l | | | 
— —-b> MRD }- — ——-—»l MRD | 
| | 
__—t ROM eee | 
——-pyrPa | pA | 
| ceo ———-» | 
| : | 
se siemens | 
| suso-Bus7 | BUSO-BUS? | 
eles (a igi 
a4 | 
Ca ge er ae ae eee | 


| 
_J 92CM- 34981 


\— OPTIONAL EXPANSION MEMORY eee’ 4 


Fig. 1 - Typical CDP1804AC microprocessor system. 


File Number 1371 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vpp): 

(Voltage-referenced to Ves Terminal) cicsodsceneviad note tuedieawesa orgacse she tu eeeGa ee aW eee Ro Ge NRe eae eawesaede oes -0.5to+7V 
INPUT VOLTAGE RANGE ALE INPUTS @4io 8 vous resins bnew awiends eevee 840 Gal phe bak edaneaua desea ees -0.5 to Vop +0.5 V 
DCINFUT CURRENT ANY ONE INPUT su5 oc-0s5ou4 etn nacun G2 atans sh ng nns meade ewes ees Wa da sobbed ek mews awne +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E)......... Pee See ere eer eee ee ee Tee er oe eee ee ee ee ee 500 mW 

For Ta =*60'+85°C (PACKAGE TYPE ©): coos wswwengadices bs ou caiee tad uw ak coe oo eRle wes Derate Linearly at 12 mW/°C to 200 mW 

POI Ta =90:10 +100°C (PACKAGE TYPED) os Sater sc atireataoe Said die eh aresin wen eug ee am tenaeales WEE aH Heed eae RS 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPE D) ..... ccc cece cece cere eee e ence eee eeneees Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (AII Package Typ@S)........ccccccceseesceeeeveeeseeeuvetesneeeeuues 100 mW 
OPERATING-TEMPERATURE RANGE (T,): 

PACKAGE UY -E De itxusuiuaceaiat on atauing wages Roinedee etaadaunia dy ucnbaie one nuane een seas wean ease Makara -55 to +125°C 

PACKAGE TYPE veccuden au yowsc ounce echeaw how case Pad inh pies sak lle Ei OOO ELENA eS ARA ee oe ear aene sees -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tig) sxikwcsocewe cerca aden abbey hha eee Rona ad we RES OGG -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. ...ceccccc cece cece tree eeeeneeeeeeeeeeeeeseenenens +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = -40 to +85°C 
For maximum reliability, nominal operating conditions should be selected so that operation is always within 


the following ranges: 
CONDITION LIMITS 


CDP1804ACD 


CHARACTERISTIC CDP1804ACE 


DC Operating Voltage Range 


Input Voltage Range 
Minimum Instruction Time” (fcec=5 MHz) : 
Cc ce Tae a es SS (Ue TN 
Maximum Clock Input Frequency, 
Load Capacitance (CL) = 50 pF 
Maximum External Counter/Timer 
Clock Input Frequency to EFI, EF2 


* Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch, Long Skip, 
NOP, and “68” family instructions, which are more than two cycles. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Von + 5%, Except as noted 


CONDITIONS 


CDP1804ACD, 


CHARACTERISTIC CDP1804ACE 


Quiescent Device Current 
Output Low Drive (Sink) Current 


oO 
BN 
—A 
oOo 


XTAL Output 
Output High Drive (Source) Current 


£& 


=) 
n 
b ro.) : 
on 


OH 
5, 4. 
Input High Voltage (BUS 0 — BUS 7, EMS/ME) Vin 
Schmitt Trigger Input Voltage 
(Except BUS 0 — BUS 7, EMS/ME) 
Positive Trigger Threshold 
Negative Trigger Threshold 
Hysteresis 
Input Leakage Current 
3-State Output Leakage Current 
Input Capacitance 
Output Capacitance 
Total Power Dissipation4 
Run 
dle"UO" at MOUS 
Minimum Data Retention Voltage Vor 
Data Retention Current lor 


wo o| + 
or an o : 


< 


ele 
—_ 
@ 


feed 
ps 
5 
tien 
Ewe 
i 
ioe 
. 
eee, 
<a 
= 
i 
ane 
fecal 


Le | 
05 
Ene 
= 
mae 
0.5, 4.5 - 
ea 
0.5 | 
= 
a 
ose 
[| 


*Typical values are for Ta = 25°C and nominal Vop. 
A€xternal Clock: f=5 MHz, ty,tf=10 ns. CL=50 pF. 
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1/0 REQUESTS 


MEMORY ADDRESS LINES 1/0 FLAGS 


EMS/ME 


MA7|MAS/MA3| MAI 


CONTROL 


: 
oan eel 


a ae 


MA6 MA4 MA2 MAO EFI EFS 


8-BIT 
ee 


8-BiT BIDIRECTIONAL DATA BUS 


DMA CONTROL 
OUT 
DMA} __ esse 
EF2 |EF4 IN| INT CLEAR WAIT 
CLOCK 
X TAL 
CONTROL ANDO So | oaks 
TIMING LOGIC SCI 
EF4 Q LOGIC 
EF2 TPA 
TPA TPB |_SYSTEM 
TO MWR | TIMING 
INSTRUCTION MRD 


NTERRUPT 
OGIC DECODE 


ue I/O 
Xx T P I Ni 
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Fig. 2 - Block diagram for CDP1804AC. 


Enhanced 1804AC Operation 


ROM/RAM 


The 2K-byte RAM is mask-programmable and mask- 
selectable in any 2K block of the available 64K address 
space in the RUN (ROM/RAM) mode. (The procedure is 
detailed in the Mask-Programming section at the end of 
the data sheet.) 


The 64-byte RAM is mask-selectable in any 64-byte block 
of memory in the RUN (ROM/RAM) mode. It may also be 
externally selected via the ME input in the RUN (RAM 
only) mode. 


The EMS/ME pin serves a dual function. In the RUN 
(ROM/RAM) mode, EMS acts as an active low output to 
indicate when the internal ROM or RAM is not selected. 
This provides a convenient chip-select signal for any 
optional expansion memory devices and a stable-address 
latch signal for synchronous RAMs. In the RUN (RAM 
only) mode, ME acts as an active low input and is used to 
select the internal RAM, which is not mask-selected in 
this mode. Decoding is performed externally and the RAM 
may reside in any 64-byte block. 


Timing 


Timing for the CDP1804AC is the same as the CDP1802 
microprocessor series, with the following exceptions: 


e 4.5 clock cycles are provided for memory access 
instead of 5. 

¢ Q changes 1/2 clock cycle earlier during the SEQ 
and REQ instructions. 


e Flag lines (EF1-EF4) are sampled at the end of the 
SO cycle instead of at the beginning of the S1 cycle. 

e Pause can only occur on the low-to-high transition 
of either TPA or TPB, instead of any negative clock 
transition. 


Special Features 


Schmitt triggers are provided on all inputs, except 
EMS/ME, and BUS 0 - BUS 7, for maximum immunity 
from noise and slow signal transitions. A Schmitt trigger 
in the oscillator section allows operation with an RC or 
crystal. 


The CDP1802 series LOAD mode is not retained. This 
mode (WAIT, CLEAR=0) is the RUN (ROM/RAM) mode 
on the CDP1804AC. 


A low power mode is provided, which is initiated via the 
IDLE instruction. In this mode all external signals, except 
the oscillator, are stopped on the low-to-high transition of 
TPB. All outputs remain in their previous states, MRD is 
set to a logic “1”, and the data bus floats. The IDLE mode 
is exited by a DMA or INT condition. The INT includes 
both external interrupts and interrupts generated by the 
Counter/Timer. The only restrictions are that the Timer 
mode, which uses the TPA + 32 clock source, and the 
underflow condition of the Pulse Width Measurement 
modes are not available to exit the IDLE mode. 
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TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES 


aac RAM READ CYCLE ee RAM WRITE CYCLE | 
00 610 20 30) = 6©40)~—~68 6 6600—07O Ch '00 61020380 40 80s 
Ol Ul 2l 34 Si 6 7t =O I 2l 314 51 67 


MEMORY | 


TE} ——stowabyte =| iH BYTE} = Low BYTE 
ADDRESS LOW BYTE | HIGH BYTE LOW BYTE 


MRD | 
{ 


| 
ME — l 


VALID DATA FROM MEMORY —f=*—~—* 
DATA BUS YI ILLLIILLLL LLL VEZ dud pata From cpu 


*NOTE FOR RUN (RAM ONLY) MODE: 

‘ME HAS A MININUM SETUP AND HOLD TIME WITH RESPECT TO THE 
BEGINNING OF CLOCK 70. FOR A MEMORY READ OPERATION, RAM DATA 
WILL APPEAR ON THE DATA BUS DURING THE TIME ME IS ACTIVE AFTER 
CLOCK 31. THE TIME SHOWN CAN BE LONGER, IF FOR INSTANCE, A DMA 
OUT OPERATION IS PERFORMED ON INTERNAL RAM DATA, TO ALLOW DATA 
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL 
RAM IS AUTOMATICALLY DESELECTED AT THE END OF CLOCK 71, 
INDEPENDENT OF ME. 

NOTE FOR RUN (ROM/RAM) MODE: 

INTERNAL MEMORY DATA WILL APPEAR ON THE DATA BUS AFTER CLOCK 920S-34983 
PULSE 31. 


Fig. 3 - Internal memory operation timing waveforms for CDP1804AC. 


avai MEMORY READ CYCLE oe MEMORY WRITE ieee 
ele) [ole] 


iO 20 30 40 50 +60 70 lO 20 30 4 50 60 70 


MEMORY 
ADDRESS 


* | 
EMS ‘ 
OUT bee) [tee ll 


*FOR RUN (ROM/RAM) MODE ONLY. a2 
NOTE: FOR THE RUN (RAM ONLY) MODE ME MUST BE HIGH DURING 
EXTERNAL MEMORY ACCESSES. 
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Fig. 4 - External memory operation timing waveforms for CDP1804AC. 


SIGNAL DESCRIPTIONS 


Bus 0 to BUS 7 (Data Bus): interface. These lines can be used to issue command 
codes or device selection codes to the I/O devices. The N 

8-bit bidirectional DATA BUS lines. These lines are used bits are low at all times except when an I/O instruction is 

for transferring data between the memory, the being executed. During this time their state is the same as 

microprocessor, and I/O devices. the ettebet bits in the N register. The direction of 
data flow is defined in the I/O instruction by bit N3 

NO to N2 (I/O) Lines): (internally) and is indicated by the level of the MRD 

Activated by an I/O instruction to signal the I/O control Signal: 

logic of a data transfer between memory and |/O MRD = Vop: Input data from I/O to CPU and Memory 


MRD =Vss: Output data from Memory to I/O 


1800-Series Microprocessors and Microcomputers 61 


CDP1804AC 


EF1 to EF4 (4 Flags): MWR (Write Pulse): 


These inputs enable the I/O controllers to transfer status A negative pulse appearing in a memory-write cycle, after 
information to the processor. The levels can be tested by _ the address lines have stabilized. 

the conditional branch instructions. They can be used in aon : 

conjunction with the INTERRUPT request line to mine. (ead Level); 


establish interrupt priorities. The flag(s) are sampled at A low level on MRD indicates a memory read cycle. It can 
the end of every SO cycle. EF1 and EF2 are also used for be used to control three-state outputs from the addressed 
event counting and pulse-width measurement in memory and to indicate the direction of data transfer 
conjunction with the Counter/Timer. during and I/O instruction. 

INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) Q: 


DMA-IN and DMA-OUT are sampled during TBE every Single bit output from the CPU which can be set or reset, 
$1, S2, and S3 cycle. INTERRUPT is sampled during TPB under program control. During SEQ or REQ instruction 
every S1 and S2 cycle. execution, Q is set or reset between the trailing edge of 
TPA and the leading edge of TPB. The Q-line can also be 
controlled by the Counter/Timer underflow via the Enable 
Toggle Q instruction. The Enable Toggle Q command 
connects the Q-line flip-flop to the output of the counter, 
such that each time the counter decrements from 01 to its 
next value, the Q line changes state. This command is 
DMA Action: Finish executing current instruction; R(0) cleared by aLOAD COUNTER (LDC) instruction with the 
points to memory area for data transfer; data is loaded Counter/Timer stopped, a CPU reset, ora BRANCH 

into or read out of memory; and R(0) is incremented. COUNTER INTERRUPT (BCI) instruction with the 


Note: In the event of concurrent DMA and INTERRUPT counter interrupt flip-flop set. 
requests, DMA-IN has priority followed by DMA-OUT and CLOCK: 


then Interrupt. (The Interrupt request is not internally ia 

put for externally generated single-phase clock. The 
er CHe GAN QIMUStDe eld wrueantecOMA), maximum clock frequency is 5 MHZ at Vop = 5 V. The 
SCO, SC1, (2 State Code Lines): clock is counted down internally to 8 clock pulses per 
machine cycle. 


Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P 
is set to 1; interrupt enable (MIE) is reset to 0 (inhibit); 
and instruction execution is resumed. The interrupt 
action requires one machine cycle (S3). 


These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) XTAL: 
processing a DMA request, or 4) acknowledging an 
interrupt request. The levels of state code are tabulated 
below. All states are valid at TPA. 


Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. 


WAIT, CLEAR (2 Control Lines): 


Provide four control modes as listed in the following truth 
table: 


State Type State Code Lines 
rere : L RUN (ROM/RAM) 


RESET 
PAUSE 


RUN (RAM ONLY) 


S2 (DMA) 
$3 (Interrupt) 


H = Vop, L= Vss. 


L 


TPA, TPB (2 Timing Pulses): ME (Memory Enable) RUN (RAM ONLY) Mode 


This active low input is used to select or deselect the 
internal RAM. It must be active prior to clock 70 for an 
internal RAM access to take place. Internal RAM data will 
appear on the data bus during the time that ME is active 
(after clock 31). Thus, if this data is to be latched into an 
external device (i.e., during an OUTPUT instruction or 
DMA-OUT cycle), ME should be wide enough to provide 
MAO to MA7 (8 Memory Address Lines): enough time for valid data to be latched. The internal 
inSachicycleste Wigner-siascbyieer aae bi eH RAM is automatically deselected after clock 71. ME is 


address appears on the memory address lines MAO-7 first. UleheciWe when MRD = MW 3 

Those bits required by the memory system can be In the RUN (RAM ONLY) mode the internal RAM is not 
strobed into external address latches by timing pulse internally mask-decoded. Decoding of the starting 
TPA. The low-order byte of the 16-bit address appears on address is performed externally, and may reside in any 
the address lines 1/2 clock after the termination of TPA. 64-byte block of memory. 


Positive pulses that occur once in each machine cycle 
(TPB follows TPA). They are used by I/O controllers to 
interpret codes and to time interaction with the data bus. 
The trailing edge of TPA is used by the memory system to 
latch the higher-order byte of the multiplexed 16-bit 
memory address. 
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EMS (External Memory Select) RUN (ROM/RAM) Mode 
This active low output is used for external memory 
expansion. It is low when external memory is being 
addressed and high at all other times. It is initiated 1.5 
clock periods after TPA (at which time all addresses are 
stable) and terminates at the end of the cycle. Use of EMS 
for memory selection allows 3.5 clock cycles for data 
access. 

Note that in the RUN (ROM/RAM) mode data from the 
internal ROM or RAM, when selected, will appear on the 
data bus after clock 31. 


Vpp, Vss, (Power Levels): 


Vss is the most negative supply voltage terminal and is 
normally connected to ground. Vpp is the positive supply 
voltage terminal. All outputs swing from Vss to Vop. The 
recommended input voltage swing is from Vss to Vpp. 


ARCHITECTURE 


Fig. 2 shows a block diagram of the CDP1804AC. The 
principal feature of this system is a register array (R) 
consisting of sixteen 16-bit scratchpad registers. 
Individual registers in the array (R) are designated 
(selected) by a 4-bit binary code from one of the 4-bit 
registers labeled N, P, and X. The contents of any register 
can be directed to any one of the following paths: 
1. the external memory (multiplexed, higher-order byte 
first, on to 8 memory address lines) 
2. the D register (either of the two bytes can be gated to 
D) > 


3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-bit register 

4. to any other 16-bit scratch-pad register in the array. 

The four paths, depending on the nature of the 
instruction, may operate independently or in various 
combinations in the same machine cycle. 


Most instructions consist of two 8-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second— 
and more if necessary—are execute cycles. During the 
fetch cycle the four bits in the P designator select one of 
the 16 registers R(P) as the current program counter. The 
selected register R(P) contains the address of the 
memory location from which the instruction is to be 
fetched. When the instruction is read out from the 
memory, the higher-order 4 bits of the instruction byte 
are loaded into the I register and the lower-order 4 bits 
into the N register. The content of the program counter is 
automatically incremented by one so that R(P) is now 
“pointing” to the next byte in the memory. 


The X designator selects one of the 16 registers R(X) to 
“point” to the memory for an operand (or data) in certain 
ALU or I/O operations. 
The N designator can perform the following five functions 
depending on the type of instruction fetched: 
1. designate one of the 16 registers in R to be acted 
upon during register operations 
2. indicate to the I/O devices a command code or 
device-selection code for peripherals 
3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific 
operation required in a class of miscellaneous 
instructions 
4. indicate the value to be loaded into P to designate a 
new register to be used as the program counter R(P) 
5. indicate the value to be loaded into X to designate a 
new register to be used as data pointer R(X). 
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The registers in R can be assigned by a programmer in 
three different ways as program counters, as data 
pointers, or as scratchpad locations (data ales) to 
hold two bytes of data. 


Program Counters 


Any register can be the main program counter; the 
address of the selected register is held in the P 
designator. Other registers in R can be used as 
subroutine program counters. By a single instruction the 
contents of the P register can be changed to effect a 
“call” to a subroutine. When interrupts are being serviced, 
register R(1) is used as the program counter for the user’s 
interrupt servicing routine. After reset, and during a DMA 
operation, R(0) is used as the program counter. At all 
other times the register designated as program counter is 
at the discretion of the user. 


Data Pointers 


The registers in R may be used as data pointers to 
indicate a location in memory. The register designated by 
X (i.e., R(X)) points to memory for the following 
instructions (see Table I): 

ALU operations 

Output instructions 

input instructions 

register to memory transfer 

memory to register transfer 

interrupt and subroutine handling. 

The register designated by N (i.e., R(N)} points to 
memory for the “load D from memory” instructions ON 
and 4N and the “Store D” instruction 5N. The register 
designated by P (i.e., the program counter) is used as the 
data pointer for ALU instructions F8-FD, FF, 7C, 7D, 7F, 
and the RLDI instruction 68CN. During these instruction 
executions, the operation is referred to as “data 
immediate”. 

Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received, one machine 
cycle is “stolen”. This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(0) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written 
into (DMA-In) the memory location pointed to by the R(0) 
register. At the end of the transfer, R(0) is incremented by 
one so that the processor is ready to act upon the next 
DMA byte transfer request. This feature in the 
CDP1804AC architecture saves a substantial amount of 
logic when fast exchanges of blocks of data are required, 
such as with magnetic discs or during CRT-display- 
refresh cycles. 


PO 


Data Registers 


When registers in R are used to store bytes of data, 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this 
mechanism (together with loading by data immediate) 
program pointer and data pointer designations are 
initialized. Also, this technique allows scratchpad 
registers in R to be used to hold general data. By 
employing increment or decrement instructions, such 
registers may be used as loop counters. The new RLDI, 
RLXA, RSXD, and RNX instructions also allow loading, 
storing, and exchanging the full 16-bit contents of the R 
registers without affecting the D register. The new DBNZ 
instruction allows decrementing and branching-on-not- 
zero of any 16-bit R register also without affecting the D 
register. 
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The Q Flip Flop 


An internal flip flop, Q, can be set or reset by instruction 
and can be sensed by conditional branch instructions. It 
can also be driven by the underflow output of the 
Counter/Timer. The output of Q is also available as a 
microprocessor output. 


Register Summary 


| D | 8Bits | DataRegister(Accumulator) | 
Data Flag (ALU Carr 

| B | gBits | Auxiliary Holding Register 

| oR | 16Bits | 1 of 16 Scratchpad Registers 


Designates which Register is 


Program Counter 


X Designates which Register is 
Data Pointer 


4 Bits Holds Low-Order Instr. Digit 


Holds High-Order Instr. Digit 


T Holds old X, P after Interrupt 


X is high nibble 
CNTR | 8-Bits 
[Mie | 1 Bit 


Counter Interrupt Latch 


Interrupt Servicing 


Register R(1) is always used as the program counter 
whenever interrupt servicing is initiated. When an 
interrupt request occurs and the interrupt is allowed by 
the program (again, nothing takes place until the 
completion of the current instruction), the contents of the 
X and P registers are stored in the temporary register T, 
and X and P are set to new values; hex digit 2 in X and 
hex digit 1 in P. Master Interrupt Enable is automatically 
deactivated to inhibit further interrupts. The user’s 
interrupt routine is now in control; the contents of T may 
be saved by means of a single SAV instruction (78) in the 
memory location pointed to by R(X) or the contents of T, 
D, and DF may be saved using a single DSAV instruction 
(6876). At the conclusion of the interrupt, the user’s 


RET 
RESET S MaSTER ° 
INTERRUPT 
$3 ENABLE COUNTER 
fei UNDERFLOW 
DIS PULSE MODE EFI Sf 
PULSE MODE EF2# 
BCI 
RESET 
CIE 5 LDC* COUNTER 
COUNTER STOPPED 
RESET INTERRUPT 
ENABLE 
CID 


FF 
(C1E) 


EXTERNAL INT 


XIE > 


RESET 
x10 


S Q 
EXTERNAL 
INTERRUPT 
ENABLE 
FF 
(XIE) 


d> XZ 
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routine may restore the pre-interrupted value of X and P 
with either a RET instruction (70) which permits further 
interrupts, or a DIS instruction (71), which disables 
further interrupts. 


interrupt Generation and Arbitration 
(See Fig. 5) 


Interrupt requests can be generated from the following 
sources: 
1. Externally through the interrupt input (Request not 
latched) 
2. Internally due to Counter/Timer response (Request 
is latched) 
a. On the transition from count (01)16 to its next 
value (counter underflow) _ 
b. On the * transition of EF1 in pulse 
measurement model __ 
c. On the ¥¢ transition of EF2 in pulse 
measurement mode 2 


For an interrupt to be serviced by the CPU, the 
appropriate Interrupt Enable flip-flops must be set. Thus, 
the External Interrupt Enable flip-flop must be set to 
service an external interrupt request, and the Counter 
Interrupt Enable flip-flop must be set to service an 
internal Counter/Timer interrupt request. In addition, the 
Master Interrupt Enable flip-flop (as used in the 
CDP1802A) must be set to service either type of request. 
All 3 flip-flops are initially enabled with the application of 
a hardware reset, and, can be selectively enabled or 
disabled with software: CIE, CID instructions for the CIE 
flip-flop; XIE, XID instructions for the XIE flip-flop; RET, 
DIS instructions for the MIE flip-flop. 


Short branch instructions on Counter Interrupt (BCI) and 
External Interrupt (BX!) can be placed in the user’s 
interrupt service routine to provide a means of identifying 
and prioritizing the interrupt source. Note, however, that 
since the External Interrupt request is not latched, it must 
remain active until the short branch is executed if this 
priority arbitration scheme is used. 


Interrupt requests can also be polled if automatic 
interrupt service is not desired (MIE=0). With the Counter 
Interrupt and External Interrupt short branch instructions, 
the branch will be taken if an interrupt request is pending, 
regardless of the state of any of the 3 Interrupt Enable 
flip-flops. The latched counter interrupt request signal 
will be reset when the branch is taken, when the CPU is 
reset, or with a LDC instruction with the Counter stopped. 
Note that exiting a counter-initiated interrupt routine 
without resetting the counter interrupt latch will result in 
immediately re-entering the interrupt routine. 


MIE 


5 gq L-entO BRANCH 
COUNTER LOGIC (BCI) 
INTERRUPT 
Rp LATCH 
(CIL) CL 


INTERRUPT 


) > pe) REQUESTS 


TO BRANCH 
LOGIC (BX!) 


92CM-33888R2 


Fig. 5 - Interrupt logic-control diagram for CDP1804AC. 
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Counter/Timer and Controls (See Fig. 6) 


This logic consists of a presettable 8-bit down-counter 
(Modulo N type), and a conditional divide-by-32 
prescaler. After counting down to (01)16 the counter 
returns to its initial value at the next count and sets the 
Counter Interrupt Latch. It will continue decrementing on 
subsequent counts. If the counter is preset to (00)16 a full 
256 counts will occur. 


During a Load Counter instruction (LDC) if the counter 
was stopped with a STPC instruction, the counter and its 
holding register (CH) are loaded with the value in the D 
register and any previous counter interrupt is cleared. If 
the LDC is executed when the counter is running, the 
contents of the D register are loaded into the holding 
register (CH) only and any previous counter interrupt is 
not cleared. (LDC resets the Counter Interrupt Latch only 
when the counter is stopped). After counting down to 
(01)16 the next count will load the new initial value into 
the counter, set the Counter Interrupt Latch, and 
operation will continue. 


The Counter/Timer has the following five programmable 
modes: 


1. Event Counter 1: Input to counter is connected to 
the EF1 terminal. The high-to-low transition 
decrements the counter. 

2. Event Counter 2: Input to counter is connected to 
the EF2 terminal. The high-to-low transition 
decrements the counter. 

3. Timer: Input to counter is from the divide-by-32 
prescaler clocked by TPA. The prescaler is 
decremented on the low-to-high transition of TPA. 
The divide-by-32 prescaler is reset when the 
counter is in a mode other than the Timer mode, 
system reset, or stopped by a STPC. 

4. Pulse Duration Measurement 1: Input to counter 
connected to TPA. Each low-to-high transition of 


TPA 


m 
vn 


8-BIT 
DOWN 


eon 
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TPA decrements the counter if the input signal at 
EF1 terminal (gate input) is low. On the transition of 
EF1 to the positive state, the count is stopped, the 
mode is cleared, and the interrupt request latched. 
If the counter underflows while the input is low, 
interrupt will also be set, but counting will continue. 

5. Pulse Duration Measurement 2: Operation is 
identical to Pulse Duration Measurement 1, except 
EF2 is used as the gate input. 


The modes can be changed without affecting the stored 
count. 


Those modes which use EF1 and EF2 terminals as inputs 
do not exclude testing these flags for branch instructions. 


The Stop Counter (STPC) instruction clears the counter 
mode and stops counting. The STPC instruction should 
be executed prior to a GEC instruction, if the counter is in 
the Event Counter Mode 1 or 2. 


In addition to the five programmable modes, the 
Decrement Counter instruction (DTC) enables the user to 
count in software. In order to avoid conflict with counting 
done in other modes, the instruction should be used only 
after the mode has been cleared by a Stop Counter 
instruction. 


The Enable Toggle Q instruction (ETQ) connects the Q- 
line flip-flop to the output of the counter, such that each 
time the counter decrements from 01 to its next value, the 
Q output changes state. This action is independent of the 
counter mode and the Interrupt Enable flip-flops. The 
Enable Toggle .Q condition is cleared by an LDC with the 
Counter/Timer stopped; system Reset, or a BCI with 
Cl=1. Note that SEQ and REQ instructions are 
independent of ETQ.—they can Set or Reset Q while the 
counter is running. 


TO INTERRUPT LATCH 


COUNTER 
UNDERFLOW 


ETQ 


C Fe 


92CM~- 34758 


Fig. 6 - Counter/Timer diagram for CDP1804AC. 
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On-Chip Clock (See Figs. 7, 8 and 9) 


Clock circuits may use either an external crystal or an RC 
network. 


CONTROL MODES 


A typical crystal oscillator circuit is shown in Fig. 7. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL) in parallel with a resistance. RF (1 megohm 
typ.). Frequency trimming capacitors, Cin and Cour, may 


be required at terminals 1 and 39. For additional 
information on crystal oscillators, see |CAN-6565. 


Because of the Schmitt Trigger input, an RC oscillator 


can be used as shown in Fig. 8. The frequency is 
approximately 1/RC (See Fig. 9). 


CLOCK 


XTAL 
Cin Court 


[S5pF “= SMHz PARALLEL >= 27 pF 
RESONANT a 
a ©6S CRYSTAL at 
92CS-38099 


Fig. 7 - Typical 5-MHz crystal oscillator. 
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Fig. 9 - Nominal component values as a function of frequency for 


the RC oscillator. 


The function of the modes are defined as follows: 
RESET 


The levels of the CDP1804A external signal lines will 
asynchronously be forced by RESET to the following 
states: 


Q=0 SC1,SCO0=0, 1 BUS 0-7=0 
EMS/ME=INPUT (EXECUTE) MAOQ-7=RO.1 
MRD=1 No, N1, N2=0,0,0 TPA=0 
TPB=0 MWR=1 


Internal changes caused by RESET are: 

l, N instruction register is cleared to 00. XIE and CIE are 
set to allow interrupts following initialize. CIL is cleared 
(any pending counter interrupt is cleared), counter is 
stopped, the counter mode is cleared, and ETQ is 
disabied. 


Initialization Cycle 


The first machine cycle following termination of RESET is 
an initialization cycle which requires 9 clock pulses. 
During this cycle the CPU remains in S1 and the 
following additional changes occur: 

1— MIE 

X, P > T (The old value of X, P will be put into T. This 

only has meaning following an orderly Reset with 

power applied). 

X, P, RO — 0 (X, P and RO are cleared). 
Interrupt and DMA servicing is suppressed during the 
initialization cycle. The next cycle is an SO or an S2 but 
never an S1 or S3. The use of a 71 instruction followed by 
00 at memory locations 0000 and 0001, may be used to 
reset MIE so as to preclude interrupts until ready for 
them. 


Reset and Initialize do not affect: 

D (Accumulator) 

DF 

R1, R2, R3, R4, R5, R6, R7, R8, RY, RA, RB, RC, RD, 
RE, RF 

CH (Counter Holding Register) 

Counter (the counter is stopped but the value is 
unaffected) 


Power-up Reset/Run Circuits 


Power-up Reset/Run (ROM/RAM) and Reset/Run (RAM 
only) can be realized with the circuits shown in Fig. 10 
and 11. 


CDPI804AC The RC time constant 
should be greater 
than the oscillator 
start-up time 
(typically 20 ms). 


92CS-—34979 
Fig. 10 - Reset/Run (ROM/RAM) diagram. 
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The RC time constant 
should be greater 
than the oscillator 
start-up time 
(typically 20 ms). 
92CS—38098 
Fig. 11 - Reset/Run (RAM only) diagram. 
PAUSE 


Pause is a low power mode which stops the internal CPU 
timing generator and freezes the state of the processor. 
The CPU may be held in the Pause mode indefinitely. 
Hardware pause can occur at two points in a machine 
cycle, on the low to high transition of either TPA or TPB. 
A TPB pause can also be initiated by software with the 
execution of an IDLE instruction. In the pause mode, the 
oscillator continues to run but subsequent clock 
transitions are ignored. TPA and TPB remain at their 
previous state (see Fig. 3). 


Pause is entered from RUN (RAM only) by dropping 
WAIT low, and from RUN (ROM/RAM) by raising CLEAR 
high. Appropriate setup and hold times must be met. 


If Pause is entered while in the event counter mode, the 
appropriate Flag transition will continue to decrement the 
counter. 


Hardware-initiated pause is exited to RUN (RAM only) by 
raising the Wait | Wait line, and the RUN (ROM/RAM) by 
lowering CLEAR. Pause entered with. an IDLE instruction 
requires DMA, INTERRUPT or RESET to resume 
execution. 

TPA PAUSE TIMING 


ENTER 
PAUSE 


RESUME 
RUN 


PAUSE 
10 


PAUSE 


TPB PAUSE TIMING eyrep 


RESUME 
PAUSE RUN 
PAUSE 
CLOCK 50/ 51 \6o Pause ie 7of 71 \oo/ oa \to 
tPLH | _—~p teHL 
TPB ma 


92CM- 31944RI 


NOTE: 
PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE 
CLOCK CYCLE IN DURATION, COULD BE INFINITELY LONG. 


Fig. 12 - Pause mode timing waveforms. 
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RUN 


May be initiated from the Pause or Reset mode functions. 
If initiated from Pause, the CPU resumes operation at the 
point it left off. If paused at TPA, it will resume on the 
next high-to-low clock transition, while if paused at TPB, 
it will resume on the next low-to-high clock transition. 
(See Fig. 12). When initiated from the Reset operation, the 
first machine cycle following Reset is always the 
initialization cycle. The initialization cycle is then 
followed by a DMA (S2) cycle or fetch (SO) from location 
0000 in memory. 


SCHMITT TRIGGER INPUTS 


All inputs except BUS 0 — BUS 7 and ME contain a 
Schmitt Trigger circuit, which is especially useful on the 
CLEAR input as a power-up RESET (See Fig. 10 and 11) 
and the CLOCK input (See Fig. 7 and 8). 


STATE TRANSITIONS 


The CDP1804AC state transitions are shown in Fig. 13. 
Each machine cycle requires the same period of time, 8 
clock pulses, except the initialization cycle (INT) which 
requires 9 clock pulses. Reset is asynchronous and can 
be forced at any time. 


INT 


IDLECDMAsINT 
FORCE S1 
(LONG BRANCH, 

LONG SKIP, NOP, RSXD, ETC) 


=. INT +» DMA + FORCE $1 
BMAsIDLEsINT e 
FORCE S1 


~ FORCE SO 


——— 


INT¢DMA 


PRIORITY: RESET 
FORCE SO, $1 
N 92CS-34778R1 


Fig. 13 - State transition diagram. 
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INSTRUCTION SET 
The CDP1804AC instruction summary is given in Table I. R(W).0: Lower-order byte of R(W) 
Hexadecimal notation is used to refer to the 4-bit binary R(W).1: Higher-order byte of R(W) 
codes. Operation Notation 


In all registers bits are numbered from the least significant M (R(N))—D; R(N) + 1-R(N) 
bit (LSB) to the most significant bit (MSB) starting with 0. This notation means: The memory byte pointed to by R(N) 
R(W): Register designated by W, where is loaded into D, and R(N) is incremented by 1. 


WEN or X, or P 
TABLE I — INSTRUCTION SUMMARY (For Notes, see also page 17) 


INSTRUCTION 


MEMORY REFERENCE 
LOAD IMMEDIATE 
REGISTER LOAD IMMEDIATE 


LOAD VIA N 

LOAD ADVANCE 

LOAD VIA X 

LOAD VIA X AND ADVANCE 

REGISTER LOAD VIA X AND 
ADVANCE 

STORE VIAN 

STORE VIA X AND DECREMENT 

REGISTER STORE VIA X AND 
DECREMENT 

REGISTER OPERATIONS 

INCREMENT REG N 

DECREMENT REGN 

DECREMENT REG N AND LONG 

BRANCH IF NOT EQUAL 0 


INCREMENT REG X 

GET LOW REG N 

PUT LOW REG N 

GET HIGH REG N 

PUT HIGH REG N 

REGISTERN TO cE X COPY 


ae IMMEDIATE 


EXCLUSIVE OR 
EXCLUSIVE OR IMMEDIATE 


AND 
AND IMMEDIATE 


SHIFT RIGHT 


SHIFT RIGHT WITH CARRY 
RING SHIFT RIGHT 


SHIFT LEFT 


NO. OF 
MACHINE 
CYCLES 


OPERATION 


M(R(P))—D; R(P)+1—R(P) 
M(R(P))--R(N).1; M(R(P))+1— 
R(N).0; R(P)+2—R(P) 
M(R(N))--D; FOR N NOT 0 
M(R(N))—D; R(N)+1—R(N) 
M(R(X))-D 
M(R(X))—D; R(X)+1—R(X) 
M(R(X))—R(N).1; M(R(X)+1)— 
R(N).0; R(X))+2—R(X) 
D-M(RN)) 
DMA): R(X)-1-R(X) 
R(N).O Me): R(N).1— 


R(N)+1—R(N) 
R(N)-1—R(N) 
R(N)-1—R(N); IF R(N) NOT 0, 


M(R(P)) ~R(P).1, M(R(P)+1)— 


R(P).0, ELSE R(P)+2—R(P) 
R(X)+1—-R(X) 
R(N).0—D 
D--R(N).0 
R(N).1—-D 

D—R(N).1 
R(N)—R(X) 


M(R(X)) OR D—D 
M(R(P)) OR D-D; 
R(P)+1—-R(P) 
M(R(X)) XOR D—D 
M(R(P)) XOR D—D; 
R(P)+1—R(P) 
M(R(X)) AND D—D 
M(R(P)) AND D—D; 
R(P)+1—R(P) 
SHIFT D RIGHT, LSB(D)—DF, 
0—-MSB(D) 
SHIFT D RIGHT, LSB(D)—DF, 
DF—MSB(D) 


SHIFT D LEFT, MSB(D)—DF, 
0—LSB(D) 


*Previous contents of T register are destroyed during instruction execution. 
AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 
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Table I — INSTRUCTION SUMMARY (Cont'd) 


NO. OF 
MACHINE OP 
INSTRUCTION CYCLES CODE OPERATION 


LOGIC OPERATIONS (Note 5) (Cont'd) 


SHIFT LEFT WITH CARRY 
RING SHIFT LEFT 


ARITHMETIC OPERATIONS (Note 5) 


ADD 
DECIMAL ADD 


ADD IMMEDIATE 
DECIMAL ADD IMMEDIATE 


ADD WITH CARRY 
DECIMAL ADD WITH CARRY 


ADD WITH CARRY, IMMEDIATE 


DECIMAL ADD WITH CARRY, 
IMMEDIATE 


SUBTRACT D 
SUBTRACT D IMMEDIATE 


SUBTRACT D WITH BORROW 
SUBTRACT D WITH 

BORROW, IMMEDIATE 
SUBTRACT MEMORY 
DECIMAL SUBTRACT MEMORY 


SUBTRACT MEMORY IMMEDIATE 


DECIMAL SUBTRACT MEMORY, 
IMMEDIATE 


SUBTRACT MEMORY WITH BORROW 


DECIMAL SUBTRACT MEMORY 
WITH BORROW 

SUBTRACT MEMORY WITH 
BORROW, IMMEDIATE 

DECIMAL SUBTRACT MEMORY 
WITH BORROW, IMMEDIATE 


BRANCH INSTRUCTIONS — SHORT BRANCH 


SHORT BRANCH 
NO SHORT BRANCH (SEE SKP) 
SHORT BRANCH IF D =0 


SHORT BRANCH IF D NOT 0 


SHIFT D LEFT, MSB(D)-—DF, 
DF-LSB(D) 


M(R(X))+D—DF, D 
M(R(X))+D--DF, D 

DECIMAL ADJUST-DF, D 
M(R(P))+D—DF, D; R(P)+1—-R(P) 
M(R(P))+D—DF,D 
R(P)+1—R(P) 

DECIMAL ADJUST—DF, D 
M(R(X))+D+DF—DF, D 
M(R(X))+D+DF—DF, D 
DECIMAL ADJUST-—DF, D 
M(R(P))+D+DF—DF, D 
R(P)+1—R(P) 
M(R(P))+D+DF—DF, D 
R(P)+1—R(P) 

DECIMAL ADJUST--DF, D 
M(R(X))-D-—DF, D 
M(R(P))-D-—DF, D; 
R(P)+1—R(P) 
M(R(X))-D-(NOT DF)—DF, D 
M(R(P))-D-(NOT DF)-DF, D; 
R(P)+1—R(P) | 
D-M(R(X))—DF, D 
D-M(R(X))—DF, D 

DECIMAL ADJUST—DF, D 
D-M(R(P))—DF, D; 
R(P)+1—R(P) 
D-M(R(P))—-DF, D 
R(P)+1—R(P) 

DECIMAL ADJUST—DF, D 
D-M(R(X))-(NOT DF)—DF, D 
D-M(R(X))-(NOT DF)-—DF, D 
DECIMAL ADJUST-—DF, D 
D-M(R(P))-(NOT DF)—DF, D 
R(P)+1—R(P) 
D-M(R(P))-(NOT DF)—DF, D 
R(P)+1—R(P) 

DECIMAL ADJUST-DF, D 


M(R(P))—R(P).0 

R(P)+1—R(P) 

IF D = 0, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 

IF D NOT 0, M(R(P))—-R(P).0 

ELSE R(P)+1—R(P) 


AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 
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Table I — INSTRUCTION SUMMARY (Cont'd) 


INSTRUCTION 


NO. OF 
MACHINE 
CYCLES EAE OPERATION 


BRANCH INSTRUCTIONS — SHORT BRANCH (Cont'd 


SHORT BRANCH IF DF = 1 


GREATER 
SHORT BRANCH IF DF =0 
SHORT BRANCH IF MINUS 
SHORT BRANCH IF LESS 
SHORT BRANCH IF Q = 1 


SHORT BRANCH IF Q=0 


SHORT BRANCH IF EF1 = 1 
(EF1 = Vss) 

SHORT BRANCH IF EF1 =0 
(EF1 = Vpp) 

SHORT BRANCH IF EF2 = 1 
(EF2 = Vss) 

SHORT BRANCH IF EF2 = 0 
(EF2 = Vop) 

SHORT BRANCH IF EF3 = 1 
(EF3 = Vss) 

SHORT BRANCH IF EF3 = 0 
(EF3 = Vop) 

SHORT BRANCH IF EF4 = 1 
(EF4 = Vss) 

SHORT BRANCH IF EF4 = 0 
(EF4 a Vop) 

SHORT BRANCH ON 
COUNTER INTERRUPT 

SHORT BRANCH ON 

EXTERNAL INTERRUPT 


LONG BRANCH 


NO LONG BRANCH (SEE LSKP) 


LONG BRANCH IF D=0 


LONG BRANCH IF D NOT 0 


LONG BRANCH IF DF = 1 


LONG BRANCH IF DF = 0 


LONG BRANCH IF Q =1 


LONG BRANCH IF Q =0 


SHORT BRANCH IF POS OR ZERO 
SHORT BRANCH IF EQUAL OR 


IF DF = 1, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 


IF D = 0, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 


IF Q = 1, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 

IF Q = 0, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 

IF EF1 = 1, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 

IF EF1 = 0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 

IF EF2 = 1, M(R(P))—-R(P).0 


ELSE R(P)+1—R(P) 
IF EF2 = 0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 

IF EF3 = 1, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 

IF EF3 = 0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 


IF EF4 =1, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 

IF EF4 = 0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 

IF Cl=1, M(R(P))—R(P).0; O-Cl 
ELSE R(P)+1--R(P) 

IF X1=1, M(R(P))—R(P).0 

ELSE R(P)+1—R(P) 


M(R(P))—R(P).1, M(R(P)+1)— 
R(P)+2—R(P) 
IF D = 0, M(R(P))—-R(P).1 
M(R(P)+1)—R(P).0 
ELSE R(P)+2—R(P) 
IF D NOT 0, M(R(P))—-R(P).1 
M(R(P)+1)—-R(P).0 
ELSE R(P)+2—R(P) 
IF DF = 1, M(R(P))—R(P).1 
M(R(P)+1)—R(P).0 
ELSE R(P)+2—-R(P) 
IF DF = 0, M(R(P))—R(P).1 
M(R(P)+1)—R(P).0 
ELSE R(P)+2—R(P) 
IF Q= 1, M(R(P))—R(P).1 
M(R(P)+1)—R(P).0 
ELSE R(P)+2—R(P) 
IF Q= 0, M(R(P))—R(P).1 
M(R(P)+1)—-R(P) 
ELSE R(P)+2—R( 


R(P).0 


0 
P) 


AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 
* ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU, or BCI « (Cl=1). 


Cl = Counter Interrupt, XI = External Interrupt. 
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Table I — INSTRUCTION SUMMARY (Cont'd) 

NO. OF 
MACHINE 
CYCLES 


OP 
INSTRUCTION CODE | OPERATION 
SKIP INSTRUCTIONS 

SHORT SKIP (SEE NBR) 
LONG SKIP (SEE NLBR) 


LONG SKIP IF D=0 


R(P)+1—=R(P) 

R(P)+—R(P) 

IF D = 0, R(P)+2—R(P) 
ELSE CONTINUE 

IF D NOT 0, R(P)+2—R(P) 
ELSE CONTINUE 

IF DF = 1, R(P)+2—R(P) 
ELSE CONTINUE 

IF DF = 0, R(P)+2—R(P) 
ELSE CONTINUE 

IF Q:= 1, R(P)+2—R(P) 
ELSE CONTINUE 

IF Q = 0, R(P)+2—R(P) 


ELSE CONTINUE 
IF MIE = 1, R(P)+2—R(P) 
ELSE CONTINUE 


LONG SKIP IF D NOT 0 


LONG SKIP IF DF = 1 


LONG SKIP IF DF =0 


LONG SKIP IF Q=1 


LONG SKIP IF Q=0 


LONG SKIP IF MIE = 1 


CONTROL INSTRUCTIONS 
IDLE 


STOP ON TPB; WAIT FOR DMA OR 
INTERRUPT; BUS FLOATS 


CONTINUE 
N-P 
N-X 
1—-Q 
0-Q 
(X, P)--T; (X, P)-M(R(2)) 
THEN PX; R(2)-1—R(2) 


NO OPERATION 
'SETP 

SET X 

SET Q 

RESET Q 

PUSH X, P TO STACK 


TIMER/COUNTER INSTRUCTIONS 


LOAD COUNTER : 3 CNTR STOPPED: DCH, CNTR; 
0=CI.CNTR RUNNING; D-CH 
CNTR-—D 

STOP CNTR CLOCK; 


0-+32 PRESCALER 


GET COUNTER 3 
STOP COUNTER 3 


DECREMENT TIMER/COUNTER 3 CNTR-1—CNTR 

SET TIMER MODE AND START 3 TPA+32— CNTR 

SET COUNTER MODE 1 AND START 3 EF1-— CNTR CLOCK 

SET COUNTER MODE 2 AND START 3 EF2—-CNTR CLOCK 

SET PULSE WIDTH MODE 1 3 TPA.EF1— CNTR CLOCK; 
AND START EF1 « STOPS COUNT 

SET PULSE WIDTH MODE 2 3 TPA.EF2— CNTR CLOCK; 
AND START EF2 « STOPS COUNT 

ENABLE TOGGLE Q 3 IF CNTR = 01 * NEXT 


CNTRCLOCK ¥ :Q-Q 


AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 

#An IDLE instruction initiates an S1 cycle. All external signals, except the oscillator, are stopped on the low-to-high transition of TPB. All 
outputs remain in their previous states, MRD, MWR, EMSaresettoa logic ‘1’ and the data bus floats. The processor will continue to IDLE until 
an |/O request (INTERRUPT, DMA-IN, or DMA-OUT) is activated. When the request is acknowledged, the IDLE cycle is terminated and the 
1/O request is serviced, and the normal operation is resumed. (To respond to anINTERRUPT during an|IDLE, MIE and either CIE or XIE must 
be enabled). 

* ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU or BCI - (Cl = 1). 


Cl = Counter Interrupt, XI = External Interrupt. 
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Table I— INSTRUCTION SUMMARY (Cont’d) 


NO. OF 
MACHINE 
INSTRUCTION CYCLES 


INTERRUPT CONTROL 


EXTERNAL INTERRUPT ENABLE 
EXTERNAL INTERRUPT DISABLE 
COUNTER INTERRUPT ENABLE 

COUNTER INTERRUPT DISABLE 
RETURN 

DISABLE 


SAVE 
SAVE T, D, DF 


INPUT-OUTPUT BYTE TRANSFER 
OUTPUT 1 


OUTPUT 2 
OUTPUT 3 
OUTPUT 4 
OUTPUT 5 
OUTPUT 6 
OUTPUT 7 
INPUT 1 
INPUT 2 
INPUT 3 
INPUT 4 
INPUT 5 
INPUT 6 
INPUT 7 


CALL AND RETURN 
STANDARD CALL 688N® 


STANDARD RETURN 689N® 


Previous contents of T register are destroyed during instruction execution. 
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OPERATION 


1—XIE 
O—XIE 

1-ClE 

0-CIE 

M(R(X))—-X, P: 
R(X)+1—-R(X); 1-MIE 
M(R(X)—X, P: 
R(X)+1—-R(X); O-MIE 
T—-M(R(X)) 


R(X)-1—R(X), T-M(R(X)), 


X) 
R(X)-1—-R(X), D—M (R(X)), 
R(X)-1—R(X), SHIFT D 
RIGHT WITH CARRY, D—M(R(X)) 


M(R(X))—-BUS; R(X)+1—R(X); 
N LINES = 1 

M(R(X))-BUS; R(X)+1—R(X); 
N LINES = 2 

M(R(X))—BUS; R(X)+1—R(X):; 
N LINES =3 

M(R(X))-BUS; R(X)+1—R(X): 
N LINES = 4 | 
M(R(X))=BUS; R(X)+1—-R(X); 
N LINES = 5 

M(R(X))--BUS; R(X)+1—R(X):; 
N LINES =6 

M(R(X))=BUS; R(X)+1—R(X); 
N LINES =7 

BUS—M(R(X)); BUS—D; 

N LINES = 1 

BUS—M(R(X)); BUS—D; 

N LINES = 2 

BUS—M(R(X)); BUS—D; 

N LINES =3 

BUS-—-M(R(X)); BUS—D; 

N LINES = 4 

BUS—M(R(X)); BUS—D; 

N LINES = 5 

BUS—M(R(X)); BUS—D; 

N LINES = 6 

BUS—M(R(X)); BUS=D; 

N LINES = 7 


72 


CDP1804AC 
NOTES FOR TABLE I 


1. 


Long-Branch, Long-Skip and No Op instructions 
require three cycles to complete (1 fetch + 2 execute). 


Long-Branch instructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 


The long-branch instructions can: 

. Branch unconditionally 

. Test for D=0 or D¥0 

. Test for DF=0 or DF=1 

. Test for Q=0 or Q=1 

e. Effect an unconditional no branch 


If the tested condition is met, then branching takes 
place; the branching address bytes are loaded in the 
high-and-low-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 


If the tested condition is not met, the branching address 
bytes are skipped over, and the next instruction in 
sequence is fetched and executed. This operation is 
taken for the case of unconditional no branch (NLBR). 


ao 


. The short-branch instructions are two or three bytes 


long. The first byte specifies the condition to be tested, 
and the second specifies the branching address, except 
for the branches on interrupt. For those, the first two 
bytes specify the condition to be tested and the third 
byte specifies the branching address. 


The short branch instruction can: 

. Branch unconditionally 

. Test for D=0 or D¥0 

. Test for DF=0 or DF=1 

. Test for Q=0 or Q=1 

. Test the status (1 or 0) of the four EF flags 

. Effect an unconditional no branch 

g. Test for counter or external interrupts (BCI, BX!) 


If the tested condition is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position of the current program counter. 
This effects a branch within the current 256-byte page 
of the memory, i.e., the page which holds the branching 
address. If the tested condition is not met, the branching 
address byte is skipped over, and the next instructionin 
sequence is fetched and executed. This same action is 
taken in the case of unconditional no branch (NBR). 


~ODOA0 0 


. The skip instructions are one byte long. There is one 


Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 


The Unconditional Short-Skip instruction takes 2 cycles 
to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following it. Then the next instruction in 
sequence is fetched and executed. This SKP instruction 
is identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte is not con- 
sidered part of the program. 


The Long-Skip instructions take three cycles to com- 
plete (1 fetch + 2 execute). 
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They can: 

. Skip unconditionally 
. Test for D=0 or D¥0 

. Test for DF=0 or DF=1 
. Test for Q=0 or Q=1 

. Test for MIE=1 


lf the tested condition is met, then Long Skip takes 
place; the current program counter is incremented 
twice. Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition is not met, then no action is taken. 
Execution is continued by fetching the next instruction 
in sequence. 


OoQAaadown 


. Instruction 6800 through 68FF take a minimum of 3 


machine cycles and up to a maximum of 10 machine 
cycles. In all cases, the first two cycles are fetches and 
subsequent cycles are executes. The first byte (68) of 
these two-byte op codes is used to generate the second 
fetch, the second byte is then interpreted differently 
than the same code without the 68 prefix. DMA and INT 
requests are not serviced until the end of the last 
execute cycle. 


. Arithmetic Operations: 


The arithmetic and shift operations are the only 
instructions that can alter the content of DF. The syntax 
‘(NOT DF)’ denotes the subtraction of the borrow. 
Binary Operations: 
After an ADD instruction — 
DF=1 denotes a carry has occurred. Result is 
greater than FFie. 
DF=0 denotes a carry has not occurred. 
After a SUBTRACT instruction — 
DF=1 denotes no borrow. D is a true positive 
number. 
DF=0 denotes a borrow. D is in two’s complement 
form. 


Binary Coded Decimal Operations: 

After a BCD ADD instruction — 
DF=1 denotes a carry has occurred. Result is 
greater than 9940. 
DF=0 denotes a carry has not occurred. 

After a BCD SUBTRACT instruction — 
DF=1 denotes no borrow. D is a true positive 
decimal number. 


(Example) 99 D 
-88 M(R(X)) 
11 D DF=1 
DF=0 denotes a borrow. D is in ten’s complement 
form. 
(Example) 88 D 
-99 == M(R(X)) 
89 D DF=0 


89 is the ten’s complement of 11, which is the 
correct answer (with a minus value denoted by 
DF=0). 
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CLOCK 


TPA 


tpLH PHL | 


TPB 
tsu — =! , r 
RY ARPLH IPH HIGH ORDER ! 1 A | LOW ORDER ty y 
MOSS MV // L/S 4 ADDRESS BYTE Day, ADORESS BYTE | | | V/, 
MRD 


( MEMORY 
READ CYCLE) 


MWR 
(MEMORY 
WRITE CYCLE) 


* ME 
(MEMORY 
ENABLE) 


tgylS ALLOWABLE 


INTERNAL RAM 
, ACCESS TIME 


“EMS 
(EXTERNAL 
MEMORY 
SELECT) 


DATA FROM 
CPU TOBUS 


DATA FROM 
INTERNAL 
MEMORY 
TO BUS 
(ME=LOW) 


STATE CODES 


NO ,NI,N2 
(1/0 
EXECUTION DATA LATCHED, 


CYCLE) eon 
DATA FROM 
BUS TO CPU 
DMA 
INTERRUPT 
REQUEST SAMPLED (S1I,$2) 
INTERRUPT | | 
REQUEST 
| l | FLAG LINES 
! } | SAMPLED END OF SO 
EFI-EF4 | | \tsu tH / 
-EF4 } | 
| | 
iu. Ye tsy | ty 
WAIT | 
| 
twee 
CLEAR 


* NOTES: 
1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS ONLY 
AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 
2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE WAVE- 
FORMS. 
3. SHADED ARE AS INDICATED “DON’T CARE” OR UNDEFINED STATE. 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD. 92CL=34986RI 
*FOR THE RUN (RAM ONLY) MODE ONLY. 
« FOR THE RUN (RAM/ROM) MODE ONLY. 


Fig. 14 - Objective dynamic timing waveforms for CDP1804AC. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C; C. = 50 pF; Input t, t= 10ns; 


Input Pulse Levels = 0.1 V to Vpp -0.1 V; Von = 5 V, 5%. 
LIMITS 


CHARACTERISTIC CDP1804AC 
Typ 


Propagation Delay Times: 
Clock to TPA, TPB tery, teHL 
Clock-to-Memory High-Address Byte ; tein, teHe 
Clock-to-Memory Low-Address Byte tecH, tere 
Clock to MRD tein, teu 
Clock to MWR tery, teHe 
Clock to (CPU DATA to BUS) : teuH, teHe 
Clock to State Code te.H, ten 
Clock to Q tery, tee 
Clock to N tecH, tex. 
Clock to Internal RAM Data to BUS teH, tere 
Clock to EMS” tety, teHe 
Minimum Set Up and Hold Times:® 
Data Bus Input Set-Up 
Data Bus Input Hold 


“I 
nn by 
e 


(é) 
N 
a 


Interrupt Set-Up 
Interrupt Hold 
WAIT Set-Up 
EF1-4 Set-Up 
EF1-4 Hold 


Minimum Pulse Width Times:® 
CLEAR Pulse Width 
CLOCK Pulse Width 


*Typical values are for Ta = 25°C and nominal Vpp. 


®Maximum limits of minimum characteristics are the values above which all devices function. 


TIMING SPECIFICATIONS as a function of T (T = 1/fcrock) at Ta = -40 to +85°C, Vop = 5 V, +5%. 


LIMITS 


CDP1804AC 


Tain [ee 
High-Order Memory-Address Byte Set-Up to TPA *« Time 2T-275 


CHARACTERISTIC UNITS 


tsu 


Required Memory Access Time Address to Data tacc | 4.5T-440 


Typical values are for Ta = 25°C and nominal Vpp. 


T/2+75 


ns 


4.5T-330 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 


wot | te [ae [se [ue 

STATE OPERATION BUS ADDRESS LINES 
PRESCALER, CIL; 
1—ClE, XIE 
NOT PROGRAMMER 0--X, P; 1-MIE, 0000-—-RO 
A : 
MRP—I,N;RP+1-RP_ | MRP | RP | o | 4 | Oo | 
STOP AT TPB 
WAIT FOR DMA OR INT 

P LDN, | MRN=D 


RN+1—RN 
RN-1—RN 


= SHORT TAKEN: MRP-—RP.O 
BRANCH NOT TAKEN: RP+1—RP 


MRX-—-BUS; RX+1—RX 


= 
BY 
x< 
Be 
< 
aa: 
= 
oat Wh = 


DATA 
FROM 
1/0 
DEVICE 


BUS-—MRx, D 


” 
— 


Ps) 

x< 
| 
NO Oh WD — 


Oo lOlO1|oO Oo jo oO jO |oO]— 
wm ON DOh WD — 1 ' 7 1 t 


INP 7 
1—MIE 
O—MIE 
2 MRX—D;RX+1-RX | MRX_ | RX | 
3 | STXD | D-MRX;RX-1-RX_ | DRX tT 
4 {| abc | MRX+D+DF=DF,D_ | somAX [| RX | oT | 
| SDB | ~=MRX-=D-DFN-DF,D_ | MRX_ [| RX | o | 4 | oO 
| SHRC_ | LSB(D)—DF; DF=MsB(D) |HIGHZ | RX | 1 | 1 | 
7 D=MRX~DFN=DF,D_ | MRX_ | RX | Oo | 4 | oT 
AN ae MR 
R2-1-—-R2 
A_| ReQ | o-Q_ ST HIGHZ | CrP tt Tt 
fs EO Oe GHZ SR 0 
ee ee 
[soe | MAP-D-DFN=DF,D;RP+1_| MAP| _AP_| 0 | 1 
| SHLC | MSB(D)-DF; DF-LSB(D) | HIGHZ | RP | 1 | 1 | 
F_ | SMBI___|D-MRP-DFN-DF,D;RP+1 | MRP | RP | o | 41 | 0 | 
-F | Go | RNO-D | RNO | RN] 7 Tt | 
of oy GH 2 RNID RN RN 2 | 
-F | pro. | p=-RNO FC CT CCN Ct | ct 
Pan fo 


A = Data bus floats for first 2-1/2 clocks of the 9 clock initialization cycle; all zeros for remainder of cycle. 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd) 


OPERATION BUS 


STATE LINES 
S1#1 TAKEN: MRP--B; RP+1—RP} MRP | 0 
0-3, LONG |[TAKEN:B—RP.1:MRP—RP.O} M(RP+1 0 


S1#1 8-B | BRANCH | NOTTAKENRP+1—RP | MRP | RP | 
#2 NOT TAKEN: RP+1—RP | M(RP+1 


po 

| oO 

hee 4 

a 

| TAKEN: RP+1-RP_ | =O MRP | RP | 

xa | tanorerane | tem [wT |e 
- i 
Oe 


si#1 | © 
#2 
ce oa 
OPERATION 
OPERATION | 


NO OPERATION _|__MAP__[ RP 
NO OPERATION 
| SEP | CNS P OCT CNN RN 
[sex [N=XSSC*dESNN RNY 
ex 


” 
t+tj—a 
NO} te 

4 

oO |[O 


M( 
Ax [AX | 0 


MRX OR D~D 
MRX AND D-D 
MRX XOR D-D 
MRX+D-—DF, D 
MRX-D-—DF, D 
D-MRX-—DF; D 


62) 
— 
Tl 


| SHR __| _LSB(D)—DF; 0-MSB(D) 
MRP-—D; RP+1—RP 
MRP OR DD; RP+1—RP 
MRP AND D-—D; RP+1—RP 
MRP XOR D—D; RP+1—RP 
MRP-D—DF, D; RP+1—RP 
D-MRP—DF, D; RP+1—RP 
BUS—MRO; RO+1—RO |DATA FROM 
S2 I/O DEVICE 
| DMAOUT_ | MRO-BUS;RO+1—RO_ | = MRO 


MRP+D~DF, D; RP+1—RP 
S3 INTERRUPT X,P—T; O—MIE HIGH Z 
1+P; 2-X 


ppooares 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont’d) 


DATA MEMORY N 
MNEMONIC OPERATION BUS ADDRESS LINES 


THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
“68” PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 


Hl ia ar el 
0—-+32 PRESCALER 
1 ee ae 
2 _[  SPM2_|CNTR-1ONEF2ANDTPA [| HIGHZ | R2_ | ee a ge 
HIGH Z i oe ee 
CNTR-1ONEFI1ANDTPA | HIGHZ | R4_—i ee 
ep toe aoe BS a a, hes Ae 2 
CNTR; 0—ClI 
CNTR RUNNING: D—CH 
Ae 20s 
| 8 | Gec [  cntTR-p —s[ cnTR | Re ace aes 
| 9 [  eTQ | IFCNTRTHRUO:Q—Q_ | HIGHZ [ RO | ze See 
eee Re ee 
| B | xiD | SO XIE ———C—CC |. HIIGVHZ_ | RBCS i a 
a ae 
| HIGHZ | RD Ee te! =I 
PHIGHZ | RN Deira oa a 
| MRP | RPC as 


| 
RN-1—RN 
#2 MRP-—B; RP+1—RP 
#3 2 0-F DBNZ M(RP+1) 
TAKEN: B—RP.1, MRP--RP.O 
NOT TAKEN: RP+1—RP 
pe BCI TAKEN: MRP—RP.O: jue | ae 
0—-Cl 
S1 3 NOT TAKEN: RP+1—RP 
j ae NOT TAKEN: RP+1—RP 
#2 0-F RLXA 
|B, T=RN.O,RN1 | HIGHZ [| RN 
S1#1 p77 | 4 | apc ppp cifxeBsDE De. DMX —_}_fx__ 
#2 f : DADC | DECIMAL ADJUST—-DF,D | HIGHZ [RP __ 


S14 AX-1—AX 
#3 T=MAX; RX-1=RX 
7 DSAV D-MRX; RX-1—RX 
SHIFT D RIGHT WITH 
CARRY 


(ere as ea 
RP+1—RP 


Bs) 
. 
ie) 


, + 


D 
x< 
+f 


B 


PHIGHZ | RP+1 {| 41 {| 1 | Oo | 
RP+1—RP 

| #2 THIGHZ | RP+HT [ 1 [| 1 
| RNO,RNI-T,B | HIGHZ [ RN [ 71 [| 1 [ 0 | 
Tomax Rey Ax ft Ano {Ax __{_1_{_0_} 0 

B—MRX, RX-1—RX | RNG | RX-1 OT lt | Oo 
8 0-F SCAL RP.0, RP.1-T, B HIGHZ [RP | 1 | 1 [| o | 
B, T—-RN.1, RNO PHIGHZ {| = RN | 141 | 41 ~*| OO | 
#6 MRN-B;RN+I-RN- | MRP {| RP | OT 1 | 
#7 B-T; MRN--B; RN+1—-RN_ | M(RP+1) | RP+1 | oO | 1 | Oo | 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd) 


DATA MEMORY 
STATE OPERATION BUS ADDRESS 


THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
“68” PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 


RN.O, RN.1—T, B IGH Z 
#2 RX+1—RX IGH Z 
#3 B, T-RP.1, RP.O HIGH Z 

0-F SRET 
#4 MRX-B; RX+1—-RX M(RX+1 
#5 B--T,; MRX—B M(RX+1 
B, T-RN.O, RN.1 HIGH Z 


DD 
x< 


L 


|HIGHZ | Rn | 4 | 7 | g | 

|HIGHZ | Ax | 1 | 41 [ o | 

a ae a 

maxes) | axes | oo | a | o | 

|M(RX+1) | RX+2 [| oF | 1 [ Oo | 

|B, T=RNO,RN1 | HIGHZ [| RN | 1 [| 1 [ 0 | 

RN.O, RN.1—T, B PHIGHZ | RN | 1 [| 1 [ o | 

A | 0-F RSXD T=MRX; RX-1-RX_s| ORNO | ~=—RX oT 1 | oo CT 

#3 B=-MRX;RX-1-RX_ | = RN1 | RX-1 | 1 | o | o_| 

Si#1 RN.O, RN.1—T, B | HIGHZ | RAN | 4 | 1 =] oO | 

#2 Es wes AN® [8 T=Rx1,RX0 | HIGHz | ex | + | 1 | 0 _ 

| MRP--B;RP+i—-RP | MRP | RP | _o | 41 [ o | 

#2 Cc 0-F RLDI B-T; MRP-B:RP+1—RP_ | M(RP+1) | RP+1 | o | 1 [| 0 | 

#3 B, T-RN.O,RN.1;RP+1—-RP | HIGHZ | RN | 4 | 1 | Oo | 

S1#1 : MRX+D—-DF, D | MRX | RX | oF | 1 |] go | 

#2 DADO [DECIMAL ADJUST—DF,D [HiGHz | RP | 1 | 1 | o | 

sit] : nee Seo | ef ft fe 
#2 DECIMAL ADJUST—-DF,D | HIGHZ | RP | 1 |{ 41 | 

: Tce [we [om fo fs fo 

F C DADI RP+1—RP ' 
[DECIMAL aowusT=oF,D | win2 | Apa | 1 [a [0 
: ewe fw [we fo fs fo 
F F DSMI RP+1—RP d 
; peciwaL aowsT=or [reHE [AP | + [1 |e 
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Instruction Summary 
N 
FRE Fe RT Sa GT aN OT 
| oO | ibe | LDN 
1 INC 
Re DEC 
| 3 | BR{ BQ] sz |BDF] Bt | B2 [| B3 | B4 | skP_| BNQ| BNZ| BNF | BN1 | BN2 | BNS | BN4 
4 LDA 
STR 
SA OUT os ee INP 
| 7 | RET] DIS [LDXA/STXD| ADC | SDB _|SHRC| SMB | SAV [MARK] REQ | SEQ | ADCI| SDBI |SHLC]| SMBI po 
Es GLO | 
| 9 | GHI 
PLO 
ae PHI 
| C_|LBR[LBQ| LBZ |LBDF] NOP [LSNQ|LSNZ| LSNF | LSKP |LBNQ|LBNZ|LBNF | LSIE | LSQ | LSZ | LSDF 
SEP 


SEX 


| F [LDx] oR [AND{xoR| ADD | sD _|sHR| Sm _| Lo! | or! | ANI | xR! | ADI | sbi | SHL | SMI 


‘68’ LINKED OPCODES (DOUBLE FETCH) 


|_ 0 |STPC] OTC [sPpM2]scM2[sPM1]SCM1] LDC | STM | GEC [ ETQ | XIE | xiD [ Cle | ciD | — | — 
DBNZ 


p33 |}—}]-~}|-~]-~}]-~}|]-~ [=~] =~ | ~ | ~ | —~ |] -~ | = | = [sei] sxi 
RLXA 
| 7 | — | —~ {| — {| — |panc| — |psavipsma| — | — | — | — [oaci] — | — [ose 


es SCAL 
re SRET 
RSXD 
Ces RNX 
RLDI 


PF ja i | = | = jpapp| — | — {osm | — | — | — { — [papdi{ — | — [OSM 


* ‘68’ 1S USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS. 
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CDP1804AC Mask-Programming 


The ROM pattern for the CDP1804AC may be submitted ona 
suitable media, such as a punched card deck, floppy diskette, 
or EPROM as outlined below in the Programming Options 


In addition to specifying the 2K-byte ROM pattern, the 
address space for the ROM and RAM must also be defined. 
The locations of ROM and RAM in the CDP1804AC are 
determined by AND-gate decoders which decode the upper 
memory addresses and are programmable at the time of 
ROM pattern masking during device fabrication. The logical 


values of the decoder inputs are selectable as 1 or P 
(positive), 0 or N (negative), or X (don’t care). A5-bit decoder 
is used for the ROM selection, so the ROM can be placed at 
one or more of the 32 available 2K-byte blocks within the 
65,536 locations of memory. Similarly, the RAM has a 10-bit 
decoder and can be selected at one or more of the available 
64-byte blocks. If the RAM is located within the ROM space, 
only the RAM will be enabled at the locations where both 
are mapped. The RAM may also be selectively disabled. 


Programming Options 


Address Options 


The logic levels of high-order address bits are mask 
programmable in the CDP1804AC. The high (1), low (0), or 
“don't care” (X) logic status of the high-order address bits is 
dependent upon the desired starting address of the 2K-byte 
ROM block and the 64-byte RAM block. The desired logic 
levels for the high-order address bits (A15 through A6) can be 
selected by use of the ROM information sheet, as follows: 


1. Translate the upper five hexadecimal starting address of 
the ROM block into binary. 


2. Translate the upper ten hexadecimal starting addresses 
of the RAM block into binary. 

3. Circle the corresponding 1 or Din columns 28 through 43 
on the ROM Information Sheet, Part B. 


Multiple mapping can be achieved by choosing X (don’t care) 
for one or more of the high-order address lines; this choice 
will cause the ROM or RAM block to appear in more than one 
location in the 64K memory space. The RAM may also be 
disabled completely by programming the RAM enable bit 
(Col. 43) to a0. 


SPECIAL NOTE 


Indicate your RAM starting address on the ROM information 
sheet, circling the address blocks under the RAM heading. 


Data Programming Instructions 


When a customer submits instructions for programming 
RCA custom ROM'’s, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming instruction. Program- 
ming instructions may be submitted in any one of three ways, 
as follows: 


1. Computer card deck — use standard 80-column com- 
puter punch cards. 

2. Floppy diskette — diskette information must be generated 
onan RCA CDP1800-series microprocessor development 
system. 


3. Master device —aROM, PROM, or EPROM that contains 
the required programming information. 


The requirements for each method are explained in detail in 
the following paragraphs: 


Computer Card Method 
Use standard 80-column computer cards. Each card deck 
must contain, in order, a title card, an option card, a data- 


format card, and data cards. Punch the cards as specified in 
the following charts: 


Title Card 


Punch T 
leave blank 


*Customer Name (start at 6) 


*leave blank 


*Customer Address or Division (start at 35) 


*leave blank 


*RCA custom selection number (5 digits) (Obtained from RCA Sales Office) 


*leave blank 


*RCA device type, without CDP prefix (e.g., 1804ACE) 
Punch an opening parenthesis ( 


Punch 8 


Punch a closing parenthesis ) 


leave blank 


Punch a 2-digit decimal number to indicate the deck number; 
the first deck should be numbered 01 


e See ROM Information Sheet (Part A) 
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Data Programming Instructions (Cont'd) 


Option Card 


Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type. 


Column No. 


Punch the word OPTION 

leave blank 

Punch CDP1804A 

leave blank . 

Punch 1, 0, X, or leave blank per ROM Information Sheet (Part B) 

leave blank 

Punch the deck number (the 2-digit number in columns 79-80 of the title card) 


Data-Format Card 


The data-format card specifies the form in which the data is to be entered into ROM. 
[CoumnNo. CY CtaOC—“—SCSCSC‘“CSC‘“‘CSCC~*di 


Punch the words DATA FORMAT 

leave blank 

Punch the letters HEX 

leave blank 

Punch POS 

leave blank 

Punch the deck number (the 2-digit number in columns 79-80 of the title card) 


Data Cards 


The data cards contain the hexadecimal data to be programmed into the ROM device. 
Each card must contain the starting address plus sixteen words of data in clusters of four hex digits. 


| ColumnNo. | Data | Column Now | Data 


Punch the starting address 2 hex digits of 9th WORD 
in hexadecimal for the 2 hex digits of 10th WORD 


following data.* 

Blank 

2 hex digits of 1st WORD 
2 hex digits of 2nd WORD 


Blank 


2 hex digits of 3rd WORD 
2 hex digits of 4th WORD 
Blank 
2 hex digits or 5th WORD 
2 hex digits of 6th WORD 
Blank 
2 hex digits of 7th WORD 
2 hex digits of 8th WORD 
Blank 


Blank 

2 hex digits of 11th WORD 
2 hex digits of 12th WORD 
Blank 

2 hex digits of 13th WORD 
2 hex digits of 14th WORD 
Blank 

2 hex digits of 15th WORD 
2 hex digits of 16th WORD 
Semicolon, blank if last card 


Blank 
Punch 2 decimal digits 
as in title card 


*The address block must be contiguous starting at an even-numbered address. (See Sample Card-Deck Printout on page 28.) 


Column 4 must be zero. 


To minimize power consumption, all unused ROM locations should contain zeros. 
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Data Programming Instructions (Cont'd) 


1234567 8 9 10111213 14 15 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 5051 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 


TT TE  ttee caro | TTT TT TTT TTT TTT 
Hp tpt Ee Op rion can BEE BERERG a 
FA ona ARO 


aol lol |Piolal2| le lel7|2| |3\clojs} Jolelsi2| [|elslo} lalels|ol | 


ae 
eclasea CHUTTCTHt  cbttbetblaeld CITT 
abt Feet Wlelxt ols EGRERL HARTER REAR ROR RRA RRR RA ROE 
alololol [elale| Isla} fol |elelelel Ielalzie| lalel|ol Velolele] [sislolel Tolelefai At TT TTT TTT TT TT TT ET TTT 
elelel7| lela fol | I 


alolalol [slelalal [rlelelal [slelelal lolelsfol Jeleirlal [elalalol [slalzlel [olei(al; | 


a # [Alc 
ETT dl Ve de ELA eT Ista ta esl take 
tf a pede ttt 


a 
glolslol lolate| lololalel leletalz| [slzbls| [slalelal [sleleel Ielelele] Ghat TTT TT TTT TTT TT TT TT TT TTT TT TT TT fol 7] 
bide pt 


EERUE 
etmelol Visiaet Iclellc| lolzietel |-lele|s| [s|slel] [olelr[e] [eleblol letlo-i TT TT TTT TT TT 


[| {| Hae 
ie casie cape taste ast tiarcisaeeiaatesistiististiistnimateiartt 


1234567 8 9 10111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5152 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 
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Sample Card-Deck Printout - 


Floppy-Diskette Method 


The diskette contains the ROM address and data inform- 
ation. Title, option, and data-format information, which 
would otherwise be punched on computer cards, must be 
submitted on the ROM Information Sheet. In addition, 
specify the RCA Development System used to generate the 
diskette (CDP18S005, CDP18S007, or CDP18S008) and 
supply a track number or file name, If possible, include a 
printout of the program for verification purposes. The 
format of the address and data information is essentially the 
same as that shown on the Sample Card-Deck Printout with 
the addition of a carriage-return character at the end of 
each line and an end-of-file character (DC3) at the end of 
the file. 


Master-Device Method 


Data may be submitted on a master ROM, PROM, or 
EPROM device. Title, option, and data-format information, 
which would otherwise be punched on computer cards, 
must be submitted on the ROM Information Sheet. In 
addition, specify the master device type; RCA will accept 
Intel types 1702, 2332A, 2704, 2708, 2716, 2732, 2758, 
Supertex CM3200, TI 4732, Motorola MCM68732, and 
Motorola MCM68A3322, or their equivalents. If more than 
one ROM pattern is stored in the master device, the starting 
address and size of each pattern must be stated on separate 
ROM Information Sheets. If the master-device is smaller 
than 2K bytes, the starting address of each master-device 
must be clearly identified. 
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ROM Information Sheet 
How is ROM pattern being submitted to RCA? 
check one Computer Cards (1) (Complete parts B and C) 


Floppy Diskette [1 (Complete parts A, B, C, and E) 
Master Device (PROM) (J) (Complete parts A, B, C, and D) 


Customer Name (start at left) 


Address or Division 


EREEE RCA Custom Number (obtained from RCA Sales Office) 


Rees ROM Type without CDP prefix (e.g., 1804ACE) 


INTERNAL 
MEMORY 
INTERNAL 
ADDRESS A15 


= : pa [= [of = [a 
OPTIONS 
(circle one) 1 


AR i 


ENABLE 


PART B 


1=active high 
0=active low 
X=don't care 


Starting address of CDP1804AC ROM and RAM blocks (in Hex) 


rom | [| [ | | ram [LI | 


If a master device is submitted, If a diskette is submitted, check type of 
state type of ROM/PROM: RCA Development System used. 


C] MS2000 
[C] CDP18S005 C1 CDP18S007 


Starting and last address Specify: Track#lL_|_| C1 cppPp18s008 
of data block in the aide 
Master Dévice (in Hex). Specify: File Name: 


Software program used: Software program used: 
(check one) (check one) 


escola heeded C1 ROM SAVE C1 MEM SAVE 


C] SAVE PROM [1 SAVE PROM 
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Micro Concurrent Pascal 
CMOS Microcomputer and Extension 


Features: Benefits: 
ws Micro Concurrent Pascal (mCP) interpreter code a Allow multi-tasking in an interpreter driven system 
= Many of the instructions are |/O control specific = Code directed at functions in the system (simplify 
= 71800-Series CMOS benefits and technology contro!) 
= On-board p-code interpreter a Up to 64K addressing capability 
s Eliminates need for disk-based system = Five times faster software development than 
# Substantial reduction in code space required for assembly language 
run-time routine # Substantial cost reduction - (system portability, |C’s 


= Lower parts count for equivalent functions instead of diskette) 


The CDP1804PCE 8-bit Microcomputer and the 
CDM5332PE 4K x 8 ROM are a CMOS preprogrammed 
two-chip firmware set developed by RCA. The two-chip 


by an external 4K ROM (CDM5332PE) designed to work 
with the core, and extends support to the complete mCP 
language. 


set contains a pseudo-code (p-code) interpreter that 
facilitates the use of a high-level language called Micro 
Concurrent Pascal (mCP) in end-use systems. The 
interpreter is divided into two sections: core and 
extension. The first section of the interpreter, core, 
resides in the on-chip 2K ROM of the CDP1804PCE. The 
second section of the interpreter, extension, is provided 


For additional information refer to RCA publications: 
“Using Micro Concurrent Pascal in RCA Development 
Systems with the CDP1804P1 and CDM5332P1”, AB- 
7149. RCA data bulletins CDP1804A and CDM5322, file 
numbers 1371 and 1366, respectively. 


ADDRESS BUS 
MAO - MA7 MAO- MA7 


MAO - 


MA7 


CDM6116 


CDP 188! 2K RAM 


LATCH / 
DECODER 


CDPI8O4PCE 


DATA BUS 
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Functional Diagram of Micro Concurrent Pascal system 
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TERMINAL ASSIGNMENT 


Performance Features: 


—40 to +85°C 


=m TOP VIEW 
4% ME FOR CDPIBO5AC 
Vpp FOR CDPIBO6AC 92cs-35004 


except for terminal 16 


The RCA-CDP1805AC and CDP1806AC are functional and 
performance enhancements of the CDP1802 CMOS 8-bit 
register-oriented microprocessor series and are designed 
for use in general-purpose applications. 


The CDP1805AC hardware enhancements include a 64- 
byte RAM and an 8-bit presettable down counter. The 
Counter/Timer which generates an internal interrupt 
request, can be programmed for use in time-base, event- 
counting, and pulse-duration measurement applications. 
The Counter/Timer underflow output can also be directed 
to the Q output terminal. The CDP1806AC hardware 
enhancements are identical to the CDP1805AC, except the 
CDP1806AC contains no on-chip RAM. 


The CDP1805AC and CDP1806AC are identical to the 
CDP1804AC, except for the on-chip memory, and may be 
used for CDP1804AC development purposes. 


COPI85I 


CPDI8O05AC WITH 
PLO 


CDPI8O6AC WITH 
COUNTER/ TIMER 


BUSO~ BUS7 BUSO- BUS7 


s /nstruction time of 3.2 us, 


# 123 instructions - upwards software 
compatible with CDP1802 

# BCD arithmetic instructions 

Low-power IDLE mode 

= Pin compatible with CDP1802 


eet Se ee a ol 
Jy 
N 
ersten TN 
MAO - MA7 MAO-MA7 [ Mao- maa! 
MRD MRE 


RAM, COUNTER/TIMER 
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CMOS 8-Bit Microprocessor With 
On-Chip RAM’ and Counter/ Timer 


= 64K-byte memory address capability 
= 64 bytes of on-chip RAM4 
= 16 x 16 matrix of on-board registers 
# On-chip crystal or RC 

controlled oscillator 
a 8-bit Counter/Timer 


ACDP1805AC only 


The CDP1805AC and CDP1806AC software enhancements 
include 32 more instructions that the CDP1802. The 32 new 
software instructions add subroutine call and return 
capability, enhanced data transfer manipulation, 
Counter/Timer control, improved interrupt handling, 
single-instruction loop counting, and BCD arithmetic. 


Upwards software and hardware compatibility is maintained 
when substituting a CDP1805AC or CDP1806AC for other 
CDP1800-series microprocessors. Pinout is identical except 
for the replacement of Vcc with ME on the CDP1805AC and 
the replacement of Vcc with Vpp on the CDP1806AC. 


The CDP1805AC and CDP1806AC have an operating voltage 
range of 4 V to 6.5 V and are supplied in a 40-lead hermetic 
dual-in-line ceramic package (D suffix) and in a 40-lead 
dual-in-line plastic package (E suffix). 


ADDRESS BUS | 


| | 
| | 
| 
— — —»l Rd y 
| | 
| CDPI824 | 
CDPI833 l 32 BYTE RAM 
1K BYTE ROM (USED WITH) | 
| cDPI806AC ONLY) | 
— | 
E74 nee | 
| l 
| l 
CEO mecca | S | 
| 
BUST y BUSO - BUS4 
SS a ee a | 
|| ina 

(CDPIB05AC) ONLY | 

peti rare ef, ' 

8- BIT DATA BUS if 


92CM-34987RI 


Fig. 1 - Typical CDP1805AC, CDP1806AC small microprocessor system. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


CMOS Microprocessors, Memories and Peripherals © 


DC SUPPLY-VOLTAGE RANGE, (Voo): 


(Voltage referenced to Vss Terminal) ........ ccc cece cece cece eet ee tee ee eee tenes a sghia. ou ob Genite BAe dole Na WRG Sin WUE Ne eae -0.5 to +7 V 
INPUT VOL FAGE RANGE ALL INPUTS s.ccaiecd Scdactesatoeees vane woke tiwdines bi wee en eRe ieeiieeavedoeaeds -0.5 to Von +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 3.9 cisoi ioe esa ha Oei.c ews ocd eae Sais CRW be Misin 2 FG ETH RET AA WK GES S ew Eade EOS +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr la> 40 to +60° C: (PACKAGE TYPE ©) cis is eitenslea nv Metres OREO G STA whe a ee AR OER ee OETA a dik Sb 500 mW 

For Ta = +60 465°C (PACKAGE TYPE ©) ics cece ciineeeteeek ie iia waa ceases Derate Linearly at 12 mW/°C to 200 mW 

For fa = =05 104100" C1 PACKAGE TYPED) o5 er 65 oo We Eee Si Sh es Oe a ee a hate ae Seas 500 mW 

For Ta = +1000 $125°C (PACKAGE TYPE D) wii csecie ca ei Sieh od a eee He ie ee Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (AI Package Type@s) ........ ccc cece eee e erence ener e ee ee neat ee eeees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE. TYRE ©. tac. fcc eecurusn Rom adttese ee ar yg eae Ree ua eae ee Ae ea NN ene aaa casero tw ak Daw eee -55 to +125°C 

PACKAGE. TYPE IE: citaceg ioaeseuau geass het ease ra diwie we tae hideous Mnaae Pawe pa neues beara een aman Mee ees -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tig) se aicee sauce ieee chao lve anes vad me aw ate esas aw one ae be awe ae ees -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from Case for 10S MAX. Loc eee ccc cee cece cee eee tee tence renee eee eee +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = -40 to +85°C 


For maximum reliability, nominal operating conditions should be selected so that operation is always within 
the following ranges: 


LIMITS 


CDP1805ACD, CDP1805ACE 
CDP1806ACD, CDP1806ACE 


6.5 


DC Operating Voltage Range a ee Te ee ee ee 
Input Voltage Range es ee ee 


CONDITION 


CHARACTERISTIC 


Maximum Clock Input Frequency, 
MHz 
ce ee 5 DC 2 
Clock Input Frequency to EF1, EF2 


Minimum Instruction Time” (fo.=5 MHz) ee eee ee ee 

Maximum DMA Transfer Rate aS aaa ae: Mbytes/s 
Load Capacitance (CL) = 50 pF 

Maximum External Counter/Timer 

“Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch, Long Skip, 

NOP, and “68” family instructions, which are more than two cycles. 


toLx 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, Except as noted 


CONDITIONS LIMITS 


CDP1806ACD, CDP1806ACE 
Vo 
PT — fos | s { — | s0 | 200 | m~_ 
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CHARACTERISTIC 


Quiescent Device Current 
Output Low Drive (Sink) Current 
(Except XTAL) 
XTAL Output 
Output High Drive (Source) Current 
(Except XTAL) 


Schmitt Trigger Input Voltage 
(Except BUS 0 — BUS 7, ME) 
Positive Trigger Threshold Vp 
Negative Trigger Threshold VN 
Hysteresis 


3-State Output Leakage Current ; 
Input Capacitance Cin pes fos{ sf —jetat : 
eee 
Total Power Dissipation A 
Run 

Idle “OO” at M(0000) 


See DC (A 


Data Retention Current 


*Typical values are for Ta = 25°C and nominal Vpp. 
A External clock: f = 5 MHz, t,, te= 10 ns. Ci = 50 pF. 
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Fig. 2 - Block diagram for CDP1805AC and CDP1806AC. 


TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES 
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*NOTE 


ME HAS A MINIMUM SETUP AND HOLD TIME WITH RESPECT TO THE 
BEGINNING OF CLOCK 70. FOR A MEMORY READ OPERATION, RAM DATA 
WILL APPEAR ON THE DATA BUS DURING THE TIME ME IS ACTIVE AFTER 
CLOCK 31, THE TIME SHOWN CAN BE LONGER, IF FOR INSTANCE, A DMA 
OUT OPERATION IS PERFORMED ONINTERNAL RAM DATA, TO ALLOW DATA 
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL 
RAM IS AUTOMATICALLY DESELECTED AT THE END OF CLOCK 71, 
INDEPENDENT OF ME. 


x FOR CDPI805AC ONLY 


Fig. 3 - Internal memory operation timing waveforms for CDP1805AC and CDP1806AC. 
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Fig. 4 - External memory operation timing waveforms for CDP1805AC and CDP1806AC. 


ENHANCED CDP1805AC and CDP1806AC OPERATION 


TIMING 


Timing for the CDP1805AC and CDP1806AC is the same as 
the CDP1802 microprocessor series, with the following 
exceptions: 


e 4.5 clock cycles are provided for memory access 
instead of 5. 

¢ Q changes 1/2 clock cycle earlier during the SEQ and 
REQ instructions. 

e Flag lines (EF1-EF4) are sampled at the end of the SO 
cycle instead of at the beginning of the S1 cycle. 

e Pause can only occur on the low-to-hgh transition of 
either TPA or TPB, instead of any negative clock transition. 


SPECIAL FEATURES 
Schmitt triggers are provided on all inputs, except ME and 


SIGNAL DESCRIPTIONS 


BUS 0 to BUS 7 (Data Bus): 


8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and |/O devices. 


NO to N2 (I/O) Lines: 


Activated by an I/O instruction to signal the I/O control 
logic of a data transfer between memory and I/O interface. 
These lines can be used to issue command codes or device 


BUS 0-BUS 7, for maximum immunity from noise and slow 
signal transitions. A Schmitt trigger in the oscillator section 
allows operation with an RC or crystal. 


The CDP1802-series LOAD mode is not retained. This 
mode (WAIT, CLEAR=0) is not allowed on the CDP1805AC 
and CDP1806AC. 


A low power mode is provided, which is initiated via the 
IDLE instruction. In this mode all external signals, except 
the oscillator, are stopped on the low-to-high transition of 
TPB. All outputs remain in their previous states, MRD is set 
to a logic “1”, and the data bus floats. The IDLE mode is 
exited by a DMA or INT condition. The INT includes both 
external interrupts and interrupts generated by the 
Counter/Timer. The only restrictions are that the Timer 
mode, which uses the TPA + 32 clock source, and the 
underflow condition of the Pulse Width Measurement 
modes are not available to exit the IDLE mode. 


selection codes to the I/O devices. The N bits are low at all 
times except when an I/O instruction is being executed. 
During this time their state is the same as the corresponding 
bits in the N register. The direction of data flow is defined in 
the I/O instruction by bit N3 (internally) and is indicated by 
the level of the MRD signal: 


MRD = Von: ‘Input data from I/O to CPU and Memory 
MRD = Vss: Output data from Memory to I/O 
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EF1 to EF4 (4 Flags): 


These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. The flag(s) are sampled at the end of 
every SO cycle. EF1 and EF? are also used for event 
counting and pulse-width measurement in conjunction 
with the Counter/Timer. 


INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 


DMA-IN and DMA-OUT are sampled during TPB every S1, 
S2,andS3 cycle. INTERRUPT is sampled during TPB every 
$1 and S2 cycle. 


interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable (MIE) is reset to 0 (inhibit); and 
instruction execution is resumed. The interrupt action 
requires one machine cycle (S3). 


DMA Action: Finish executing current instruction; R(Q) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and R(0) is incremented. 


Note: In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. (The interrupt request is not internally 
latched and must be held true after DMA.) 


$Co, SC1, (2 State Code Lines): 


These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing 
a DMA request, or 4) acknowledging an interrupt request. 
The levels of state code are tabulated below. All states are 
valid at TPA. 


State Code Lines 


State Type 


0 (Fetch) 
co 


S3 aaah 
H=Vpp, L=Vss. 


TPA, TPB (2 Timing Pulses): 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
high-order byte of the multiplexed 16-bit memory address. 


MAO to MA7 (8 Memory Address Lines): 


In each cycle, the higher-order byte of a 16-bit memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The 
low-order byte of the 16-bit address appears on the address 
lines 1/2 clock after the termination of TPA. 


MWR (Write Pulse): 


A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 
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MRD (Read Level): 


Alow level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory and to indicate the direction of datatransfer during 
an I/O instruction. 


Q: 


Single bit output from the CPU which can be set or reset, 
under program control. During SEQ and REQ instruction 
execution, Q is set or reset between the trailing edge of TPA 
and the leading edge of TPB. The Q line can also be 
controlled by the Counter/Timer underflow via the Enable 
Toggle Q instruction. 


The Enable Toggle Q command connects the Q-line flip- 
flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q line 
changes state. This command is cleared by a LOAD 
COUNTER (LDC) instruction with the Counter/Timer 
stopped, aCPU reset, ora BRANCH COUNTER INTERRUPT 
(BCI) instruction with the counter interrupt flip-flop set. 


CLOCK: 


Input for externally generated single-phase clock. The 
maximum clock frequency is 5 MHz at Vop=5V. Theclock is 
counted down internally to 8 clock pulses per machine 
cycle. 

XTAL: 

Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. 

WAIT, CLEAR (2 Control Lines): 


Provide four control modes as listed in the following truth 
table: 


cuean | wart | Move 
NOT ALLOWED 


ME (Memory Enable CDP1805AC Only): 


This active low input is used to select or deselect the 
internal RAM. It must be active prior to clock 70 for an 
internal RAM access to take place. Internal RAM data will 
appear on the data bus during the time that ME is active 
(after clock 31). Thus, if this data is to be latched into an 
external device (i.e., during an OUTPUT instruction or DMA 
OUT cycle), ME should be wide enough to provide enough 
time for valid data to be latched. The internal RAM is 
automatically deselected after clock 71. ME is ineffective 
when MRD e MWR =1. 


The internal RAM is not internally mask-decoded. Decoding 
of the starting address is performed externally, and may 
reside in any 64-byte block of memory. 


Vpp (CDP1806AC Only): 


This input replaces the ME signal of the CDP1805AC and 
must be connected to the positive power supply. 


Vpp.: Vss, (Power Levels): 


Vss is the most negative supply voltage terminal and is 
normally connected to ground. Vpp is the positive supply 
voltage terminal. All outputs swing from Vss to Von. The 
recommended input voltage swing is from Vss to Vop. 
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ARCHITECTURE 


Fig. 2 shows a block diagram of the CDP1805AC and 
CDP1806AC. The principal feature of this system is a 
register array (R) consisting of sixteen 16-bit scratchpad 
registers. Individual registers in the array (R) are designated 
(selected) by a 4-bit binary code from one of the 4-bit 
registers labeled N, P, and X. The contents of any register 
can be directed to any one of the following paths: 


1. the external memory (multiplexed, higher-order byte 
first on to 8 memory address lines) 

2. the D register (either of the two bytes can be gated to D) 

3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-bit register. 

4. to any other 16-bit scratch pad register in the array. 


The four paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 


Most instructions consist of two 8-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second 
—and more if necessary — are execute cycles. During the 
fetch cycle the four bits in the P designator select one of the 
16 registers R(P) as the current program counter. The 
selected register R(P) contains the address of the memory 
location from which the instruction is to be fetched. When 
the instruction is read out from the memory, the higher- 
order 4 bits of the instruction byte are loaded into the I 
register and the lower-order 4 bits into the N register. The 
content of the program counter is automatically incremented 
by one so that R(P) is now “pointing” to the next byte in the 
memory. 


The X designator selects one of the 16 registers R(X) to 
“point” to the memory for an operand (or data) in certain 
ALU or I/O operations. 


The N designator can perform the following five functions 
depending on the type of instruction fetched: 
1. designate one of the 16 registers in R to be acted 
upon during register operations 
2. indicate to the I/O devices a command code or 
device-selection code for peripherals 
3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific opera- 
tion required in a class of miscellaneous instructions 
4. indicate the value to be loaded into P to designate a 
new register to be used as the program counter R(P) 
5. indicate the value to be loaded into X to designate a 
new register to be used as data pointer R(X). 


The registers in R can be assigned by a programmer in three 
different ways as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 


Program Counters 


Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a “call” to subroutine . When interrupts 
are being serviced, register R(1) is used as the program 
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counter for the user’s interrup: servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 


Data Pointers 


The registers in R may be used as data pointers to indicatea 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 
I): 

. ALU operations 

. Output instructions 

. input instructions 

. register to memory transfer 

. memory to register transfer 

. interrupt and subroutine handling. 


The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory” instructions ON and 4N and 
the “Store D” instruction 5N. The register designated by P 
(i.e., the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 7C, 7D, 7F, and the RLDI 
instruction 68CN. During these instruction executions, the 
operation is referred to as “data immediate”. 


Onh ODD — 


Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received, one machine 
cycle is “stolen”. This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(0) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written into 
(DMA-In) the memory location pointed to by the R(0) 
register. At the end of the transfer, R(0) is incremented by 
one so that the processor is ready to act upon the next DMA 
byte transfer request. This feature in the CDP1805AC and 
CDP1806AC architecture saves a substantial amount of 
logic when fast exchanges of blocks of data are required, 
such as with magnetic discs or during CRT-display-refresh 
cycles. 


Data Registers 


When registers in R are used to store bytes of data, 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers in R to be used to 
hold general data. By employing increment or decrement 
instructions, such registers may be used as loop counters. 
The new RLDI, RLXA, RSXD, and RNX instructions also 
allow loading, storing, and exchanging the full 16-bit 
contents of the R registers without affecting the D register. 
The new DBNZ instruction allows decrementing and 
branching-on-not-zero of any 16-bit R register also without 
affecting the D register. 


The Q Flip-Flop 


An internal flip-flop, Q, can be set or reset by instruction 
and can be sensed by conditional branch instructions. It 
can also be driven by the underflow output of the 
counter/timer. The output of Q is also available as a 
microprocessor output. 
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Register Summary 


Data Register (Accumulator 


Se hak 


Program Counter 


Holds Low-Order Instr. Digit 
| 1 | 4Bits | Holds High-Order Instr. Digit 


Holds old X, P after Interrupt 
X is high nibble 
CIE 


Counter Interrupt Latch 


Interrupt Servicing 


Register R(1) is always used as the program counter 
whenever interrupt servicing is initialized. When an interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the 
current instruction), the contents of the X and P registers 
are stored inthe temporary register T, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 in P. Master 
Interrupt Enable is automatically deactivated to inhibit 
further interrupts. The user’s interrupt routine is now in 
control; the contents of T may be saved by means of asingle 
SAV instruction (78) in the memory location pointed to by 
R(X) or the contents of T, D, and DF may be saved using a 
single DSAV instruction (6876). At the conclusion of the 
interrupt, the user’s routine may restore the pre-interrupted 
value of X and P with either a RET instruction (70) which 
permits further interrupts, or a DIS instruction (71), which 
disables further interrupts. 


CNTR 
CH 


Interrupt Generation and Arbitration 
(See Fig. 5) 


Interrupt requests can be generated from the following 


(ier! 

Data Flag (ALU Carr sources. . 

|B. | 8Bits | Auxiliary Holding Register 1. ae through the interrupt input (Request not 

| R_ | 16Bits | 10f16Scratchpad Registers 2. Internally due to Counter/Timer response (Request is 
Designates which Register is latched) 


a. Onthe transition from count (01)16 to its next value 


; ; (counter underflow) 
m 4 Bits Designates which Register is b. Onthe ¥# transition of EF1 in pulse measure- 
Data Pointer ment mode 1 


c. Onthe #¢ 
ment mode 2 


transition of EF2 in pulse measure- 


For an interrupt to be serviced by the CPU, the appropriate 
Interrupt Enable flip-flops must be set. Thus, the External 
Interrupt Enable flip-flop must be set to service an external 
interrupt request, and the Counter Interrupt Enable flip-flop 
must be set to service an internal Counter/Timer interrupt 
request. In addition, the Master Interrupt Enable flip-flop 
(as used in the CDP1802) must be set to service either type 
of request. All 3 flip-flops are initially enabled with the 
application of a hardware reset, and, can be selectively 
enabled or disabled with software: CIE, CID instructions for 
the CIE flip-flop; XIE, XID instructions for the XIE flip-flop; 
RET, DIS instructions for the MIE flip-flop. 


Short branch instructions on Counter Interrupt (BCI) and 
External Interrupt (BXI) can be placed in the user’s interrupt 
service routine to provide a means of identifying and 
prioritizing the interrupt source. Note, however, that since 
the External Interrupt request is not latched, it must remain 
active until the short branch is executed if this priority 
arbitration scheme is used. 


Interrupt requests can also be polled if automatic interrupt 
service is not desired (MIE=0). With the Counter Interrupt 
and External Interrupt short branch instructions, the branch 
will be taken if an interrupt request is pending, regardless of 
the state of any of the 3 Interrupt Enable flip-flops. The 
latched counter interrupt request signal will be reset when 
the branch is taken, when the CPU is reset, or with a LDC 
instruction with the Counter stopped. Note, that exiting a 
counter-initiated interrupt routine without resetting the 
counter-interrupt latch will result in immediately re-entering 
the interrupt routine. 


RET i 
I 
s Q 
RESET MASTER 
INTERRUPT 
$3 ENABLE COUNTER 
(MLE) UNDERFLOW 
DIS PULSE MODE EFI. & S Q TO BRANCH 
PULSE MODE EF2#+- COUNTER LOGIC (BCI) 
eco | ent 
RESE Y > R (CrL) CL 
CIE S LDC+* COUNTER 
COUNTER STOPPED 
RESET INTERRUPT 
ENABLE 
(C1E) = 
INTERRUPT 
EXTERNAL INT d> XI Men aaad has = REQUESTS 
he = 
EXTERNAL 
RESET INTERRUPT 
is p ENABLE 


FF 
(XIE) 


92CM-33888R2 


Fig. 5 - Interrupt logic-controi diagram for CDP1805AC and CDP1806AC. 
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Counter/Timer and Controls (see Fig. 6) 


This logic consists of a presettable 8-bit down-counter 
(Modulo N type), and a conditional divide-by-32 prescaler. 
After counting down to (01)16 the counter returns to its 
initial value at the next count and sets the Counter Interrupt 
Latch. It will continue decrementing on subsequent counts. 
If the counter is preset to (00)16 a full 256 counts will occur. 


During aLoad Counter instruction (LDC) if the counter was 
stopped with a STPC instruction, the counter and its 
holding register (CH) are loaded with the value in the D 
register and any previous counter interruptis cleared. If the 
LDC is executed when the counter is running, the contents 
of the D register are loaded into the holding register (CH) 
only and any previous counter interrupt is not cleared. 
(LDC RESETS the Counter Interrupt Latch only when the 
Counter is stopped). After counting down to (01)16 the next 
count will load the new initial value into the counter, set the 
Counter Interrupt Latch, and operation will continue. 


The Counter/Timer has the following five programmable 
modes: 

1. Event Counter 1: Input to counter is connected to the 
EF1 terminal. The high-to-low transition decrements 
the counter. 

2. Event Counter 2: Input to counter is connected to the 
EF2 terminal. The high-to-low transition decrements 
the counter. 

3. Timer: Input to counter is from the divide-by-32 pre- 
scaler clocked by TPA. The prescaler is decremented 
on the low-to-high transition of TPA. The divide-by-32 
prescaler is reset when the counter is in a mode other 
than the Timer mode, system RESET, or stopped by a 
STPC. 

4. Pulse Duration Measurement 1: Input to counter 
connected to TPA. Each low-to-high transition of TPA 


TPA 


8-BIT 
DOWN 


t 
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decrements the counter if the input signal at_EF% 
terminal (gate input) is low. On the transition of EF1 to 
the positive state, the count is stopped, the mode is 
cleared, and the interrupt request latched. If the counter 
underflows while the input is low, interrupt will also be 
set, but counting will continue. 

5. Pulse Duration Measurement 2: Operation is identical 
to Pulse Duration Measurement 1, except EF2 is used 
as the gate input. 


The modes can be changed without affecting the stored 
count. 


Those modes which use EF1 and EF2 terminals as inputs do 
not exclude testing these flags for branch instructions. 


The Stop Counter (STPC) instruction clears the counter 
mode and stops counting. The STPC instruction should be 
executed prior to a GEC instruction, if the counter is in the 
Event Counter Mode 1 or 2. 


In addition to the five programmable modes, the Decrement 
Counter instruction (DTC) enables the user to count in 
software. In order to avoid conflict with counting done in 
the other modes, the instruction should be used only after 
the mode has been cleared by a Stop Counter instruction. 


The Enable Toggle Q instruction (ETQ) connects the Q-line 
flip-flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q output 
changes state. This action is independent of the counter 
mode and the Interrupt Enable flip-flops. The Enable 
Toggle Q condition is cleared by an LDC with the 
Counter/Timer stopped, system Reset, ora BCI with Cl = 1. 


Note: SEQ and REQ instructions are independent of 
ETQ—they can SET or RESET Q while the Counter is 
running. 


TO INTERRUPT LATCH 


COUNTER 
UNDERFLOW 


ETQ 


TE 
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Fig. 6 - Timer/Counter diagram for CDP1805AC and CDP1806AC. 
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On-Board Clock (see Figs. 7, 8 and 9) 


Clock circuits may use either an external crystal or an RC 
network. 


A typical crystal oscillator circuit is shown in Fig. 7. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL)in parallel with a resistance, RF (1 megohm typ.). 
Frequency trimming capacitors, Cin and Cour, may be 
required at terminals 1 and 39. For additional information 
on crystal oscillators, see ICAN-6565. 


Because of the Schmitt Trigger input, an RC oscillator can 


be used as shown in Fig. 8. The frequency is approximately 
1/RC (see Fig. 9). 


CLOCK 


XTAL 
Cin Court 


IS5pF “= SMHz PARALLEL “= 27 pF 
RESONANT ae 
a= = CRYSTAL) = 
g2cs-38099 


Fig. 7 - Typical 5 MHz crystal oscillator. 
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Fig. 9 - Nominal component values as a function 
of frequency for the RC oscillator. 


CONTROL MODES 


NOT ALLOWED 
RESET 


PAUSE 


The function of the modes are defined as follows: 
RESET 


The levels on the CDP1805A and CDP1806A external signal 
lines will asynchronously be forced by RESET to the 
following states: 


Q=0 SC1, SCO=0, 1 BUS 0-7=0 

MRD=1 (EXECUTE) MAO-7=RO.1 

TPB=0 NO, N1, N2=0,0,0 TPA=0 
MWR=1 


Internal changes caused by RESET are: 


|, Ninstruction register is cleared to 00. XIE and CIE are set 
to allow interrupts following initialize. CIL is cleared (any 
pending counter interrupt is cleared), counter is stopped, 
the counter mode is cleared, and ETQ is disabled. 


Initialization Cycle 


The first machine cycle followiing termination of RESET is 
an initialization cycle which requires 9 clock pulses. During 
this cycle the CPU remains in S1 and the following additional 
changes occur: 

|— MIE 

X,P —T (The old value of X, P will be putinto T. This only 

has meaning following an orderly Reset with power 

applied). 

X, P, RO - 0 (X, P, and RO are cleared). 
Interrupt and DMA servicing is suppressed during the 
initialization cycle. The next cycle is an SO or an S2 but 
neveranS1orS3. The use of a71 instruction followed by 00 
at memory locations 0000 and 0001, may be used to reset 
MIE so as to preclude interrupts until ready for them. 


Reset and Initialize do not affect: 
D (Accumulator) 
DF 
R1,R2,R3, R4, R5, R6, R7, R8, RY, FA, RB, RC, RD, RE, RF 
CH (Counter Holding Register) 
Counter (the counter is stopped but the value is 
unaffected) 


Power-up Reset/Run Circuit 


Power-up Reset/Run can be realized with the circuit shown 
in Fig. 10. 


CDPI805AC 
CDPI806AC 


The RC time constant 
should be greater 
than the oscillator 
Start-up time 
(typically 20 ms). 
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Fig. 10 - Reset/run diagram. 
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PAUSE 


Pause is a low power mode which stops the internal CPU 
timing generator and freezes the state of the processor. The 
CPU may be held in the Pause mode indefinitely. Hardware 
pause can occur at two points in a machine cycle, on the 
low-to-high transition of either TPA or TPB. A TPB pause 
can also be initiated by software with the execution of an 
IDLE instruction. In the pause mode. the oscillator continues 
to run but subsequent clock transitions are ignored. TPA 
and TPB remain at their previous state (see Fig. 3). 


Pause is entered from RUN by dropping WAIT low. 
Appropriate Setup and Hold times must be met. 


lf Pause is entered while in the event counter mode, the 
appropriate Flag transition will continue to decrement the 
counter. 


Hardware-initiated pause is exited to RUN by raising the 
Wait line high. Pause entered with an IDLE instruction 
requires DMA, INTERRUPT or RESET to resume execution. 


TPA PAUSE TIMING 


TPA PAUSE TIMING ENTER RESUME 
PAUSE RUN 


PAUSE, 


TPB PAUSE TIMING 


TPB PAUSE TIMING ENTER RESUME 
PAU RUN 


PAUSE 
CLOCK 50/ 51 \60 PAUSE fo \ tof \c0fo\ of 
| 
TPB "PLH my | =| TPHL 
SSS | 
| | 


92CM- 31944RI 


NOTE: 
PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE 
CLOCK CYCLE IN DURATION, COULD BE INFINITELY LONG. 


Fig. 11 - Pause mode timing waveforms. 
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RUN 


May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation at the 
point it left off. If paused at TPA, it will resume on the next 
high-to-low clock transition, while if paused at TPB, it will 
resume on the next low-to-high clock transition (see Fig. 
11). When initiated from the Reset operation, the first 
machine cycle following Reset is always the initialization 
cycle. The initialization cycle is then followed by a DMA 
(S2) cycle or fetch (SO) from location 0000 in memory. 


SCHMITT TRIGGER INPUTS 


Allinputs except BUS O—BUS 7 and ME contain a Schmitt 
Trigger circuit, which is especially useful on the CLEAR 
input as a power-up RESET (see Fig. 10) and the CLOCK 
input (see Figs. 7 and 8). 


STATE TRANSITIONS 


The CDP1805A and CDP1806A state transitions are shown 
in Fig. 12. Each machine cycle requires the same period of 
time, 8 clock pulses, except the initialization cycle (INIT) 
which requires 9 clock pulses. Reset is asynchronous and 
can be forced at any time. 


TNT + OMA » RESET 


(LONG BRANCH, 
LONG SKIP, NOP, RSXD, ETC) 


DMAsIDLEsINT « 
FORCE S1 


DOMAIN 92CS-34778R1 


Fig. 12 - State transition diagram. 


INT «DMA + FORCE S14 
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INSTRUCTION SET 


The CDP1805AC and CDP1806AC instruction summary is 
given in Table I. Hexadecimal notation is used to refer to the 
4-bit binary codes. 


In all registers bits are numbered from the least significant 
bit (LSB) to the most significant bit (MSB) starting with 0. 
R(W): Register designated by W, where . 
WEN or X, or P 


CMOS Microprocessors, Memories and Peripherals 


R(W).0: Lower-order byte of R(W) 
R(W).1: Higher-order byte of R(W) 
Operation Notation 
M (R(N))—D; R(N) + 1-R(N) 


This notation means: The memory byte pointed to by R(N) 
is loaded into D, and R(N) is incremented by 1. 


TABLE I — INSTRUCTION SUMMARY (For Notes, see also page 17) 


NO. OF 
MACHINE 
INSTRUCTION CYCLES 
MEMORY REFERENCE 
LOAD IMMEDIATE 
REGISTER LOAD IMMEDIATE 


LOAD VIAN 

LOAD ADVANCE 

LOAD VIA X 

LOAD VIA X AND ADVANCE 

REGISTER LOAD VIA X AND 
ADVANCE 

STORE VIAN 

STORE VIA X AND DECREMENT 

REGISTER STORE VIA X AND 
DECREMENT 

REGISTER OPERATIONS 

INCREMENT REG N 

DECREMENT REG N 

DECREMENT REG N AND LONG 

BRANCH IF NOT EQUAL 0 


INCREMENT REG X 

GET LOW REG N 

PUT LOW REG N 

GET HIGH REG N 

PUT HIGH REG N 

REGISTER N TO REGISTER X COPY 
LOGIC OPERATIONS (Note 5) 

OR 

OR IMMEDIATE 


EXCLUSIVE OR 
EXCLUSIVE OR IMMEDIATE 


AND 
AND IMMEDIATE 


SHIFT RIGHT 


SHIFT RIGHT WITH CARRY 
RING SHIFT RIGHT 


SHIFT LEFT 


OPERATION 


M(R(P))—D; R(P)+1—R(P) 
M(R(P))—R(N).1; M(R(P))+1— 
R(N).0; R(P)+2—R(P) 
M(R(N))—D; FOR N NOT 0 
M(R(N))—D; R(N)+1—R(N) 
M(R(X))—D 
M(R(X))—D; R(X)+1—-R(X) 
M(R(X))—R(N).1; M(R(X)+1)— 
R(N).0; R(X))+2—-R(X) 
D--M(RN)) 
D-M(R(X)); R(X)-1—R(X) 

Ean )); R(N).1- 


R(N)+1--R(N) 
R(N)-1—R(N) 
R(N)-1—R(N); IF R(N) NOT 0, 
M(R(P))—R(P).1, M(R(P)+1)— 
R(P).0, ELSE R(P)+2—R(P) 
R(X)+1—R(X) 
R(N).0—D 
D--R(N).0 
R(N).1-D 
D--R(N).1 
R(N)—R(X) 


M(R(X)) OR D—D 
M(R(P)) OR D—D 
R(P)+1—-R(P) 
R(X)) XOR D—D 
R(P)) XOR D—D; 
R(P)+1—R(P) 
M(R(X)) AND D~D 
M(R(P)) AND D—D; 
R(P)+1—R(P) 
SHIFT D RIGHT, LSB(D)—DF, 
0-MSB(D) 
SHIFT D RIGHT, LSB(D)— 
DF-MSB(D) 


M( 
M( 


SHIFT D LEFT, MSB(D)-—DF, 
0—LSB(D) 


®Previous contents of T register are destroyed during instruction execution. 
AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 
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Table I — INSTRUCTION SUMMARY 


NO. OF 
MACHINE OP 
INSTRUCTION CYCLES CODE OPERATION 


LOGIC OPERATIONS (Note 5) (Cont'd) 


SHIFT LEFT WITH CARRY SHLC SHIFT D LEFT, MSB(D)-—DF, 
RING SHIFT LEFT RSHL yy DF-LSB(D) 


ARITHMETIC OPERATIONS (Note 5) 
ADD 
DECIMAL ADD 


M(R(X))+O—DF, D 
M(R(X))+D—DF, D 

DECIMAL ADJUST—DF, D 
M(R(P))+D—DF, D; R(P)+1—R(P) 
M(R(P))+D—-DF,D 
R(P)+1—R(P) 

DECIMAL ADJUST—DF, D 
M(R(X))+D+DF—DF, D 
M(R(X))+D+DF-DF, D 
DECIMAL ADJUST—DF, D 
M(R(P))+D+DF--DF, D 
R(P)+1—-R(P) 
M(R(P))+D+DF-—DF, D 
R(P)+1—-R(P) 

DECIMAL ADJUST—DF, D 
M(R(X))-D—DF, D 
M(R(P))-D—DF, D; 
R(P)+1—R(P) 
M(R(X))-D-(NOT OF)—DF, D 
M(R(P))-D-(NOT DF)—DF, D; 
R(P)+1—-R(P) 

D-M(R(X))—-DF, D 
D-M(R(X))—DF, D 

DECIMAL ADJUST—DF, D 
D-M(R(P))--DF, D; 


ADD IMMEDIATE 
DECIMAL ADD IMMEDIATE 


ADD WITH CARRY 
DECIMAL ADD WITH CARRY 


ADD WITH CARRY, IMMEDIATE 


DECIMAL ADD WITH CARRY, 
IMMEDIATE 


SUBTRACT D 
SUBTRACT D IMMEDIATE 


SUBTRACT D WITH BORROW 
SUBTRACT D WITH 

BORROW, IMMEDIATE 
SUBTRACT MEMORY 
DECIMAL SUBTRACT MEMORY 


SUBTRACT MEMORY IMMEDIATE 


R(P)+1—R(P) 
DECIMAL SUBTRACT MEMORY, D-M(R(P))—-DF, D 
IMMEDIATE R(P)+1—R(P) 


DECIMAL ADJUST-DF, D 
D-M(R(X))-(NOT OF)—DF, D 
D-M(R(X))-(NOT DF)—DF, D 
DECIMAL ADJUST-—DF, D 
D-M(R(P))-(NOT DF)-DF, D 


SUBTRACT MEMORY WITH BORROW 

DECIMAL SUBTRACT MEMORY 
WITH BORROW 

SUBTRACT MEMORY WITH 


BORROW, IMMEDIATE R(P)+1—R(P) 
DECIMAL SUBTRACT MEMORY D-M(R(P))-(NOT DF)—DF, D 
WITH BORROW, IMMEDIATE R(P)+1—R(P) 


DECIMAL ADJUST-—-DF, D 


BRANCH INSTRUCTIONS — SHORT BRANCH 


SHORT BRANCH 2 BR 30 M(R(P))—R(P).0 

NO SHORT BRANCH (SEE SKP) 2 NBR 384 R(P)+1—-R(P) 

SHORT BRANCH IF D=0 2 BZ 32 IF D = 0, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 

SHORT BRANCH IF D NOT 0 2 BNZ 3A IF D NOT 0, M(R(P))--R(P).0 


ELSE R(P)+1-—-R(P) 


AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 
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Table I — INSTRUCTION SUMMARY 


NO. OF 

MACHINE 
INSTRUCTION CYCLES 

BRANCH INSTRUCTIONS — SHORT BRANCH (Cont'd 

SHORT BRANCH IF DF = 1 

SHORT BRANCH IF POS OR ZERO 

SHORT BRANCH IF EQUAL OR 

GREATER 

SHORT BRANCH IF DF =0 

SHORT BRANCH IF MINUS 

SHORT BRANCH IF LESS 

SHORT BRANCH IF Q= 1 


‘unenoue | CODE 


SHORT BRANCH IF Q =0 


SHORT BRANCH IF EF1 = 1 
(EF1 = Vss) 

SHORT BRANCH IF EF1 = 0 
(EF1 = Vpp) 

SHORT BRANCH IF EF2 = 1 
(EF2 = Vss) 

SHORT BRANCH IF EF2 = 0 
(EF2 = Voo) 

SHORT BRANCH IF EF3 = 1 
(EFS = Vss) 

SHORT BRANCH IF EF3 = 0 
(EF3 = Vo) 

SHORT BRANCH IF EF4 = 1 
(EF4 = Vss) 

SHORT BRANCH IF EF4 =0 
(EF4 = Vpp) 

SHORT BRANCH ON 
COUNTER INTERRUPT 

SHORT BRANCH ON 

EXTERNAL INTERRUPT 

BRANCH INSTRUCTIONS — LONG BRANCH: 


LONG BRANCH 
NO LONG BRANCH (SEE LSKP) 
LONG BRANCH IF D=0 


LONG BRANCH IF D NOT O 


LONG BRANCH IF DF = 1 


LONG BRANCH IF DF =0 


LONG BRANCH IF Q=1 


LONG BRANCH IF Q=0 
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OPERATION 


IF DF = 1, M(R(P))—R(P).0 
ELSE R(P)+1--R(P) 


IF D = 0, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 


IF Q = 1, M(R(P))—R( 
ELSE R(P)+1—R(P) 
IF Q = 0, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 

IF EF1 = 1, M(R(P))— 
ELSE R(P)+1—R(P) 

IF EF1 = 0, M(R(P))— 
ELSE R(P)+1—R 

IF EF2 = 1, M(R(P) 


R(P).0 
P 


R(P).0 


R(P).0 
(P) 
)-R(P).0 
ELSE R(P)+1—R(P) 
IF EF2 = 0, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 
=, 
ELSE R(P)+1—R(P) 
j= 
( 


IF EF3 = 1, M(R(P))—-R(P).0 
))--R(P).0 


R 

IF EF3 = 0, M(R(P 
ELSE R(P)+1—R(P 

IF EF4 =1, M(R(P))—-R(P).0 
ELSE R(P)+1—R(P) 

IF EF4 = 0, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 

IF Cl=1, M(R(P))—R(P).0 
ELSE R(P)+1—R(P) 

IF XI=1, M(R(P))—R(P).0 

ELSE R(P)+1—R(P) 


M(R(P))—R(P).1, M(R(P)+1)— 
R(P)+2—R(P) 
IF D = 0, M(R(P))—R(P).1 


M(R(P)+1)—R(P).0 
ELSE R(P)+2—R(P) 
IF D NOT 0, M(R(P))— 

M(R(P)+1)—R(P).0 
ELSE R(P)+2—R(P) 

IF DF = 1, M(R(P))—R(P).1 
M(R(P)+1)—R(P).0 
ELSE R(P)+2—R(P) 

IF DF = 0, M(R(P))—R(P).1 
M(R(P)+1)—R(P).0 
ELSE R(P)+2—R(P) 

IF Q = 1, M(R(P))—-R(P).1 
M(R(P)+1)—R(P).0 
ELSE R(P)+2—R(P) 

IF Q= 0, M(R(P))—R(P).1 
M(R(P)+1)—-R(P).0 

ELSE R(P)+2—R(P) 


R(P).1 


AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 


* ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU, or BCl e (CI=1). 
Cl = Counter Interrupt, X! = External Interrupt. 


; 0—Cl 


1800-Series Microprocessors and Microcomputers 99 


CDP1805AC, CDP1806AC 


Table 1 — INSTRUCTION SUMMARY 


NO. OF 
MACHINE OP 
INSTRUCTION CYCLES CODE | OPERATION 


SKIP INSTRUCTIONS 
SHORT SKIP (SEE NBR) 
LONG SKIP (SEE NLBR) 
LONG SKIP IF D=0 


LONG SKIP IF D NOT O 
LONG SKIP IF DF = 1 
LONG SKIP IF DF = 0 
LONG SKIP IF Q = 1 
LONG SKIP IF Q=0 


LONG SKIP IF MIE = 1 


CONTROL INSTRUCTIONS 
IDLE 


NO OPERATION 
SETP 

SET X 

SETQ 

RESET Q 

PUSH X, P TO STACK 


TIMER/COUNTER INSTRUCTIONS 
LOAD COUNTER 


GET COUNTER 
STOP COUNTER 


DECREMENT TIMER/COUNTER 
SET TIMER MODE AND START 
SET COUNTER MODE 1 AND START 
SET COUNTER MODE 2 AND START 
SET PULSE WIDTH MODE 1 

AND START 
SET PULSE WIDTH MODE 2 

AND START 
ENABLE TOGGLE Q 


R(P)+1—R(P) 

R(P)+—R(P) 

IF D = 0, R(P)+2—R(P) 
ELSE CONTINUE 

IF D NOT 0, R(P)+2—R(P) 
ELSE CONTINUE 

IF DF = 1, R(P)+2—R(P) 
ELSE CONTINUE 

IF DF = 0, R(P)+2—R(P) 
ELSE CONTINUE 

IF Q = 1, R(P)+2—R(P) 
ELSE CONTINUE 

IF Q = 0, R(P)+2—-R(P) 


ELSE CONTINUE 
IF MIE = 1, R(P)+2—R(P) 
ELSE CONTINUE 


STOP ON TPB; WAIT FOR DMA OR 
INTERRUPT; BUS FLOATS 


CONTINUE 

N—-P 

N—X 

1-Q 

0-Q 

(X, P)-T; (X, P)-M(R(2)) 
THEN P—X; R(2)—-1—R(2) 


CNTR STOPPED: DCH, CNTR: 
0—Cl. CNTR RUNNING: D—CH 
CNTR—D 

STOP CNTR CLOCK; 

0-+32 PRESCALER 
CNTR-1—CNTR 

TPA+32— CNTR 

EF1— CNTR CLOCK 

EF2— CNTR CLOCK 
TPA.EF1—~ CNTR CLOCK; 

EF1 « STOPS COUNT 
TPA.EF2— CNTR CLOCK; 

EF2 « STOPS COUNT 

IF CNTR = 01 ¢ NEXT 
CNTRCLOCK « :Q—-Q 


AThis instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 

#An IDLE instruction initiates an S1 cycle. All external signals, except the oscillator, are stopped on the low-to-high transition of TPB. All 
outputs remain in their previous states, MRD, MWR, are set to a logic ‘1’ and the data bus floats. The processor will continue to IDLE until an 
I/O request (INTERRUPT, DMA-IN, or DMA-OUT) is activated. When the request is acknowledged, the |DLE cycle is terminated and the I/O 
request is serviced, and the normal operation is resumed. (To respond toan|INTERRUPT during anIDLE, MIE and either CIE or XIE must be 
enabled). 


* ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU or BCI « (Cl = 1). 


Cl = Counter Interrupt, XI = External Interrupt. 
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Table I— INSTRUCTION SUMMARY 


NO. OF 
' MACHINE 
INSTRUCTION CYCLES OPERATION 


INTERRUPT CONTROL 


EXTERNAL INTERRUPT ENABLE 1—XIE 

EXTERNAL INTERRUPT DISABLE 0—XIE 

COUNTER INTERRUPT ENABLE 1~ClE 

COUNTER INTERRUPT DISABLE 0-CIE 

RETURN M(R(X))—X, P: 
R(X)+1—-R(X);,.1—MIE 

DISABLE M(R(X)—X, P; 
R(X)+1—R(X); O—-MIE 

SAVE T—M(R(X)) 

SAVE T, D, DF R(X)-1—R(X), T-M(R(X)), 
R(X)-1—R(X), DM (R(X)), 
R(X)-1—R(X), SHIFT D 
RIGHT WITH CARRY, D--M(R(X 


INPUT-OUTPUT BYTE TRANSFER 


OUTPUT 1 M(R(X)) BUS; R(X)+1—R(X); 
| N LINES = 1 
OUTPUT 2 M(R(X))-BUS; R(X)+1—R(X): 
N LINES = 2 
OUTPUT 3 M(R(X))—~BUS; R(X)+1—R(X): 
N LINES =3 
OUTPUT 4 M(R(X))—BUS; R(X)+1—R(X): 
| N LINES = 4 
OUTPUT 5 M(R(X))--BUS; R(X)+1—R(X); 
| N LINES =5 
OUTPUT 6 M(R(X))-BUS; R(X)+1—R(X); 
N LINES =6 
OUTPUT 7 M(R(X)) BUS; R(X)+1—R(X); 
N LINES =7 
INPUT 1 BUS~M(R(X)); BUS—D; 
N LINES = 1 
INPUT 2 BUS-M(R(X)); BUS—D; 
N LINES = 2 
INPUT 3 BUS—M(R(X)); BUS—D; 
N LINES =3 
INPUT 4 | BUS~-M(R(X)); BUS—D; 


INPUT 5 


INPUT 6 BUS~M(R(X)); BUS~—D; 
N LINES = 6 

INPUT 7 BUS—M(R(X)); BUS—D; 
N LINES = 7 


CALL AND RETURN 


STANDARD CALL 688N® | R(N).O—M( 
R(N).1—M( 
R(X)-2—R(X),; 
THEN M(R(N) 
M(R(N)+1)~R(P).0: 
R(N)+2—R(N) 

STANDARD RETURN 689N® | R(N)—-R(P); M(R(X)+1)—R(N).1: 
M(R(X)+2)—R(N).0: 
R(X)+2—R(X) 


®Previous contents of T register are destroyed during instruction execution. 
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NOTES FOR TABLE I 


1. Long-Branch, Long-Skip and No Op instructions They can: 


require three cycles to complete (1 fetch + 2 execute). 


Long-Branch instructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 


The long-branch instructions can: 

a. Branch unconditionally 

b. Test for D=0 or D4+0 

c. Test for DF=0 or DF=1 

d. Test for Q=0 or Q=1 

e. Effect an unconditional no branch 


If the tested condition is met, then branching takes 
place; the branching address bytes are loaded in the 
high-and-low-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 


If the tested condition is not met, the branching address 
bytes are skipped over, and the next instruction in 
sequence is fetched and executed. This operation is 
taken for the case of unconditional no branch (NLBR). 


. The short-branch instructions are two or three bytes 
long. Thefirst byte specifies the condition to be tested, 
and the second specifies the branching address, except 
for the branches on interrupt. For those, the first two 
bytes specify the condition to be tested and the third 
byte specifies the branching address. 


The short branch instruction can: 

Branch unconditionally 

. Test for D=0 or D¥0 

Test for DF=0 or DF=1 

. Test for Q=0 or Q=1 

. Test the status (1 or 0) of the four EF flags 
Effect an unconditional no branch 

g. Test for counter or external interrupts (BCI, BX|) 


If the tested condition is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position of the current program counter. 
This effects a branch within the current 256-byte page 
of the memory, i.e., the page which holds the branching 
address. If the tested condition is not met, the branching 
address byte is skipped over, and the next instruction in 
sequence is fetched and executed. This same action is 
taken in the case of unconditional no branch (NBR). 


~2®A0CTH 


. The skip instructions are one byte long. There is one 
Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 


The Unconditional Short-Skip instruction takes 2 cycles 
to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following it. Then the next instruction in 
sequence is fetched and executed. This SKP instruction 
is identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte is not con- 
sidered part of the program. 


The Long-Skip instructions take three cycles to com- 
plete (1 fetch + 2 execute). 


a. Skip unconditionally 
b. Test for D=0 or D¥0 
c. Test for DF=0 or DF=1 
d. Test for Q=0 or Q=1 

e. Test for MIE=1 


If the tested condition is met, then Long Skip takes 
place; the current program counter is incremented 
twice. Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition is not met, then no action is taken. 
Execution is continued by fetching the nextinstruction 
in sequence. 


. Instruction 6800 through 68FF take a minimum of 3 


machine cycles and up to a maximum of 10 machine 
cycles. In all cases, the first two cycles are fetches and 
subsequent cycles are executes. The first byte (68) of 
these two-byte op codes is used to generate the second 
fetch, the second byte is then interpreted differently 
than the same code without the 68 prefix. DMA and INT 
requests are not serviced until the end of the last 
execute cycle. 


. Arithmetic Operations: 


The arithmetic and shift operations are the only 
instructions that can alter the content of DF. The syntax 
‘(NOT DF)’ denotes the subtraction of the borrow. 
Binary Operations: 
After an ADD instruction — 
DF=1 denotes a carry has occurred. Result is 
greater than FF. 
DF=0 denotes a carry has not occurred. 
After a SUBTRACT instruction — 
DF=1 denotes no borrow. D is a true positive 
number. 
DF=0 denotes a borrow. D is in two’s complement 
form. 


Binary Coded Decimal Operations: 

After a BCD ADD instruction — 
DF=1 denotes a carry has occurred. Result is 
greater than 9910. 
DF=0 denotes a carry has not occurred. 

After a BCD SUBTRACT instruction — 
DF=1 denotes no borrow. D is a true positive 
decimal number. 


(Example) 99 D 
-88 M(R(X)) 
11 D DF=1 
DF=0 denotes a borrow. D is in ten’s complement 
form. 
(Example) 88 D 
-99 = M(R(X)) 
89 D DF=0 


89 is the ten’s complement of 11, which is the 
correct answer (with a minus value denoted by 
DF=0). 
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CLOCK 


| 
| 
TPA 7 
| | Lae 
| ; PLH' PHL | 
TPB 
gun 7 Vg 
MORY ea /NW | LOW ORDER th ¥ 
NEDRESS ADDRESS BYTE hh ADDRESS BYTE | | | VY, 
MRD 
( MEMORY 


READ CYCLE) 


MWR 
(MEMORY 
WRITE CYCLE) 


* ME 
(MEMORY 
ENABLE) 


tsy!S ALLOWABLE 
INTERNAL RAM 
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MEMOR a 
SELECT) 


DATA FROM 
CPU TO BUS 


DATA FROM 
INTERNAL 
MEMORY 
TO BUS 
(ME = LOW) 


STATE CODES’ © 


Q 


NO ,NI,N2 
(1/0 

EXECUTION 
CYCLE) 


DATA LATCHED, 
IN CPU 


DATA FROM 
BUS TO CPU 


DMA 
REQUEST INTERRUPT 
| SAMPLED (SI1,$2) 
INTERRUPT | 
REQUEST 
| | FLAG LINES 
| | SAMPLED END OF SO 
ome I kate 
| | 
tsul ty tsu | ty 
WAIT | 
| 
twe 
CLEAR 


*% NOTES: 
1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS ONLY 
AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 
2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE WAVE- 


FORMS. 
3. SHADED ARE AS INDICATED “DON'T CARE” OR UNDEFINED STATE. 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD. 92CL- 34986RI 


“FOR THE RUN (RAM ONLY) MODE ONLY. 
4 FOR THE RUN (RAM/ROM) MODE ONLY. 


Fig. 13 - Objective dynamic timing waveforms for CDP1805AC and CDP1806AC. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C; Cy, = 50 pF; Input tr, ty = 10 ns; 
Input Pulse Levels = 0.1 V to Vpp-0.1 V; Vpp = 5 V, +5%. 


LIMITS 
CHARACTERISTIC a 805AC, CDP1806AC | UNITS 


Propagation Delay Times: 


Clock to TPA, TPB tery, teHL 150 275 
Clock-to-Memory High-Address Byte tetH, text 325 | 550 
Clock-to-Memory Low-Address Byte tery, teHL 450 
Clock to MRD tei, tere 200 325 
Clock to MWR teLH, teHe 275 ns 
Glock to (GPU DATA to BUS) tern, tet 625 
Clock to State Code teLH, teHL 225 400 
Clock to Q tery, text 425 
Clock to N tein, tee 425 
Clock to Internal RAM Data to BUS tetH, tere 420 650 
Minimum Set Up and Hold Times:® 
Data Bus Input Set-Up tsu -100 
Data Bus Input Hold tH 
DMA Set-Up ae ee ee ae 
DMA Hold th 
ME Set-Up tsu 225 
ME Hold ee a a ae ee 
Interrupt Set-Up tsu | 100 | 
Interrupt Hold tH 175 
WAIT Set-Up tsu 


EF1-4 Set-Up eres Oe ee a ee 
EF1-4 Hold te 300 


Minimum Pulse Width Times:® 
CLEAR Pulse Width 


CLOCK Pulse Width 


*Typical values are for Ta = 25°C and nominal Vpp. 


®Maximum limits of minimum characteristics are the values above which all devices function. 


TIMING SPECIFICATIONS as a function of T (T = 1/fCLOCK) at Ta = -40 to +85°C, Vpp = 5 V, +5%. 


LIMITS 
ae ae UNITS 


CHARACTERISTIC 


High-Order ae Byte 


27-275 27-175 
Set- Set-Up to TPA Time 


MRD to TPA ™ Time T/2-100 T/2-75 

High-Order Memory-Address Byte Ser T/2+75 
Hold after TPA Time te : 

Low-Order Memory-Address Byte T+240 T+180 
Hold after WR Time ty 

CPU Data to Bus Hold T+150 T+1410 
after WR Time 

Required Memory Access Time 4.57-440 4.5T-330 

Address to Data 


*Typical values are for Ta = 25°C and nominal Vop. 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 


DATA MEMORY 
STATE OPERATION BUS ADDRESS 


RESET 0-Q,I,N, COUNTER UNDEFINED 1 
PRESCALER, CIL; 
X, P—T THEN UNDEFINED 
0-—X, P; 1~MIE, 0000O—RO 


CMOS Microprocessors, Memories and Peripherals 


INITIALIZE 
NOT EOC HOMMER 


| so_| 
rr ee eee ery et 
WAIT FOR DMA OR INT 
LO | 4-F | LON | 
ee a ce Acs oe So ec oo aoc Oe 
pe Oe Pe NEN 2 Ge en 


Bl ad lI 
iy aa ee Ter eae TAKEN: RP+1—RP 


| 4 | Oo-F | LDA |. MRN—D:RN+I-RN | 


[s | of | sta | D=MAN. ‘|i oe 
| 6 | oo f RX | Xt RX | RX | RX Tt 
1 1 
2 2 
3 3 
4 MRX—BUS; RX+1-RX 4 
5 5 
6 6 
7 
9 1 
A 2 
B DATA 3 
rs c BUS--MRX, D FROM RX 1 4 
D 0 5 
E DEVICE 6 
ze 7 


ant il al I 
1—MIE 

Ppa patti nt Ss OE A 
O-MIE 

ae 


MRX—D; RX+1—RX EE 

D--MRX: RX-1—-RX oe 

Se came SRE eee aoe Re oe 
BAD OPEN OF | MA A CO eo 

| SHRC ___| LSB(D)—DF;DF—MSB(D) | HIGHZ | Rx {1 [| 1 | o | 
= =MFKDFNOF. D | mRX | RX [| o}rto_, 
[SAV | SOT=MRX——“‘!)SCTOUT)hCCCOURXCCdC 1 CT 


MARK aa MR2; P—X T 
R2-1-—R2 


[Req [oma S—~dr GHZ | dE 
| SEQ | EQ HIGH Z | RP 
| ADCI | RPC 
eee = T 
ice ea] 


aS oe a 


MRP+D+DF—DF,D;RP+1 {| MRP | 
SDBI MRP-D-DFN-DF, D;RP+1 | MRP | 


oO JOlTO;O 

TREES HICHEET EEE 
> 
S, 
Q 


1 

F [smal [D-MRP-DFN-DF.D:RP+1| Map [AP [0 | 1 

8 P Gto ft RNO-D CT RNC TORN Tt Tt 

ye | GH! Of RNID CT RN TORN ft 
- | pro {[  —o-RNO_ rs | EdD RN Ct Tt | 
Te for | pw [ o-ann if > | an [1 {1 | o 


A = Data bus floats for first 2-1/2 clocks of the 9 clock initialization cycle; all zeros for remainder of cycle. 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd) 
[a fone] oro | se _[soe [a [ 
STATE OPERATION BUS ADDRESS ha 
aor TAKEN: MRP—B; RP+1--RP| MRP—B; a 
0-3, | LONG De ee 
— 8-8 | BRANCH PINOT TAKEN RPsi=ne [map [RP [0 [7 — 
#2 Nottakennesi-ne | wimesn | Rec [oe TY a 
¢ Draken. ness [wap [ap 
re Ma 
SKIP 
eae 
OPERATION 
ee 
OPERATION 


S1#1 NO OPERATION 
NO OPERATION rae a 


” 

—_h 

te 

_k 
nmMmmnmoonou 


MRX OR 0 
MRX AND D—-D 
MRX XOR D—-D 
MRX+D—DF, D 
MRX-D-DF, D 
D-MRX-—DF; D 


MRP—D; RP+1—AP 
MRP OR D-D; RP+1—RP 
MRP AND D-D; RP+1—RP 
MRP XOR D-D; RP+1—RP 
MRP+D-DF, D; RP+1—RP 
MRP-D-DF, D; RP+1-—RP 
D-MRP--DF, D; RP+1-—RP 


el eC MSB(D)—DF; 0-LSB(D) | HIGH Z 


DMA IN BUS-—MRO; RO+1—-RO | DATA FROM a 
1/0 DEVICE 


NOOO YP OD 


DMA OUT MRO-BUS; RO+1-—RO 


| oO | 1 | O | 
INTERRUPT X,P—T: O—MIE HIGH Z 1 1 
1—P: 2—X 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd) 


DATA MEMORY | 
OPERATION BUS ADDRESS 


THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
“68” PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 


0-+32 PRESCALER 
CNTR-1—CNTR HIGHZ | Rt at tt 
$1 


— 


|__SPM2__| CNTR-1 ONEF2 AND TPA | HIGHZ 
HIGH Z 
HIGH Z 
HIGH Z 


LDC CNTR STOPPED: D-CH, 
CNTR; 0-Cl 
CNTR RUNNING: D—-CH 


Lee! 
ii 
HIGH Z 
eet 
os 
a 
D 
0-F 


R7 


CNTR 
HIGH Z 
HIGH Z 
HIGH Z 
HIGH Z 
0-CIE HIGH Z 


Ou 
RN-1—RN HIGH Z 
MRP—B;RP+1—-RP_ | MRP | RP ee ee 
M(RP+1 RP+1 
TAKEN: B=RP.1, MRP=RP.o| “(RP *1) 
NOT TAKEN: RP+1—RP 
TAKEN: MRP—RP.0; 
| . 
NOT TAKEN: RP+1—RP 


D 


A 


wh TA Fk 


a 


O 


oO 
—~- 


— 


cS : 
0-Cl 
Si 3 
Cea eee be fe De 
5 a NOT TAKEN: RP+1—RP 1 


S1#1 MRX—B, RX+1—-RX RX 
#2 0-F RLXA B—T; MRX—B; RX+1—RX | M(RX+1) RX+1 
B, T—RN.O, RN.1 HIGH Z RN 


ee 
PM(RX+1) | ORX+1 | 0 
|HIGHZ [| RN | 1 | 1 =~] ~ ~O | 
Sit | 4 | pave ppp MBaebeDE=DeD | _Max-_{_ax _} 9 _1_1_|_o_ 
#2 DADC [DECIMAL ADJUST—DF,D | HIGHZ | Rp | 1 [| + [ 4 | 
S1#1 po RX-1=RX | HIGHZ [RX OT lt [| 1 | lo 
#2 | T=MRX;RX-1=RX_ | TOT RX-17 Of 1 | 
#3 7 DSAV D—MRX; RX-1—RX RX-2 1 
a 
CARRY 
[| r™CUMRXr™—“‘~dESC‘< iC“ ld Tl CO ll 
Si#1 Py [7 | osm D-MRX-(NOT DF)—DF,D_| MRX | RX | Oo | 1 | O | 
#2 i DECIMALADJUST=DF,D | HIGHZ | RP {| 1 [| 1 | o | 
eT Le | oe Lome | wtf po 
7 C DACI RP+1—RP 
#2 DECIMAL ADJUST—DF,D | HIGHZ | RP+1 | 1 | 1 =| Oo | 
7 F RP+1—RP 

| #2 | DECIMAL ADJUST—DF, D 
| —SERN.OJRANI-T,B = [HIGHZ | RN | 141 | 1 *[ 0 | 
#2 T—MRX; RX-1—RX oo fax} tp 8 

T #3 B—MRX, RX-1—-RX | RN |) RX-1 | at | 
8 0-F SCAL RP.O, RP.1—T, B FHIGHZ | RP | 141 | 1+ *'[ oO | 
| #5 | B, T-RN.1, RN.O FHIGHZ | RN {| 1 { 4 [| oO | 
#6 MRN-B;RN+1—-RN | MRP | =RP | Oo | ot | 
#7 | B—T; MRN--B; RN+1—-RN_ | M(RP+1) | RP+1 | oF | 1 | oO | 
a g.T-APO.RP1 | Hignz |e | +] 1 | 0 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 


DATA MEMORY 
STATE OPERATION BUS ADDRESS 


THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
“68” PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 


S1#1 RN.O, RN.1—T, B HIGH Z 
#2 RX+1—-RX HIGH Z 
#3 B, T—RP.1, RP.O HIGH Z 
0-F SRET 
#4 MRX—B; RX+1—RX M(RX+1 RX+1 
#5 B-—T: MRX—B M(RX+1 RX+2 
| HIGHZ 
HIGH Z 
| RNO | 


B, T-RN.O, RN.1 


| #6 
RN.O, RN.1—T, B 
0 Mn OT 
#3 RN.1 


cco ae RN.O, RN.1—T, B IGH 
: B, T-RX.1, RX.0 


| RN__| 

rel [RX 
MRP--B: RP+1—-RP | MRP | RP 
#2 C 0-F RLDI B--T- MRP—B: RP+1—RP | M(RP+4 
#3 B, T—RN.O,RN.1:RP+1—-RP | HIGHZ | RN 
Ce ee 

| MRX | RX _| 
tees 


wk 


i 
G) 
ae 
N 


i 
Gq) 
I 
N 
Pe) 
x< 


4 DADD MRX+D-—DE, D 
DECIMAL ADJUST—DF,D | HIGHZ 
D-MRX-—DF, D MRX 


DECIMAL ADJUST—DF, D 


MRP+D-—DF, D; 
DADI RP+1-—RP 
| DECIMAL ADJUST-DF, D 
D-MRP-DF, D 
DSMI RP+1—RP 
DECIMAL ADJUST—DF, D 


x 
G) 
a 
N 


HIGH Z 


HIGH Z 


108_ CMOS Microprocessors, Memories and Peripherals 


CDP1805AC, CDP1806AC 


instruction Summary 


N 
Pee Ole ta Pee Bee a 6 rs Be 0 A ee ee 


| oO | IDL | LDN 
INC 
DEC 
| 3 | BR | BQ} 8z [BOF] Bi | B2 | B3 | B4 | skP | BNQ]| BNZ | BNF | BN1 | BN2 | BN3 | BN4 
LDA 
foe | STR 
2 Sa |: a a INP 
| 7 |ReT| Dis |LDxalstxD] abc | soe [SHRC[ smB | SAV [MARK] REQ | SEQ | ADC! | sDBI [SHLC] SBI 
[ee GLO 
| 9 | GHI 
PLO 
| Be | PHI 
| C_|LBR|LBQ| LBZ |LBDF] NOP | LSNQ |LSNZ|LSNF | LSKP [LBNQ|LBNZ|LBNF | LSIE | LSQ | LSZ | LSDF 
Ree) : SEP 
i] € | SEX 
LDx| OR |AND| xoR| ADD! sD | SHR] SM _| LD! | OR! | ANI | xR [ ADI [ SDI | SHL | SMI 


‘68’ LINKED OPCODES (DOUBLE FETCH) 


STPC[ DTC [SPMa[SCM2|SPMI [SCNT LDC] STM | GEC | ETQ]| XE | XD] CE] CD] —]— 
DBNZ 


p}—- |—}|—-{[-~}]—-~]-~ |]-~}]-~]- ]-= |]- |] -— |] - | — | sei] ex 
RLXA 
|} — | — | — | — |paoc] — [psaviosmp] — [| — | — | — [paci] — | — [oss 


SCAL 
SRET 
RSXD 


RNX 
RLDI 


ee se (DADDY SM DADE ee ft SMI 


* ‘68’ |S USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS. 
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Product Preview 


TERMINAL ASSIGNMENT 


Features: 


=» Low power HCMOS 

= Power-saving Stop and Wait modes 

a Pin compatible with the industry 

type MC6804P2 

= RAM: CDP68HCO04P2-32 bytes 
CDP68HC04P3-128 bytes 

» User ROM: CDP68HC04P2-1024 bytes 

CDP68HC04P3-2048 bytes 
64 bytes of ROM for look-up tables 


t 

2 
3 
4 
5 
6 
7 
8 


TOP VIEW 
92CS - 38100 a 


The CDP68HCO04P2 and CDP68HC04P3 HCMOS"* 
microcomputers (MCUs) are very low-cost single-chip 
microcomputers. These 8-bit microcomputers contain a 
CPU, on-chip CLOCK, ROM, RAM, I/O, and TIMER. They 
are designed for the user who needs an economical 
microcomputer with the proven capabilities of the 
CDP6800-based instruction set. 


The CDP68HC04P2? and the CDP68HC04P3t are is mid-1985. 
supplied in 28-lead hermetic dual-in-line side-brazed 
ceramic packages (D suffix) and 28-lead dual-in-line 
plastic packages (E suffix). 
XTAL EXTAL RESET MDS°1 
TIMER Prescaler 
7 8 Counter 
. CPU 
Indirect Control 
PAO 8 Register Xp 
PAI a 
Port PA2 ndirect 
A Dir 8 YP 
UO TERS Reg | R 
Lines PAS ° "9 Stack 
PAG iS 4 
PA7 
Program 
Counter 
4 High PCH 
User Program Program 
ROM * Counter 


Low PCL 


Self Check ROM 


* User Program ROM area: CDP68HC04P2 = 1024 x 8 - CDP68HC04P3 = 2048 x 8 
** RAM area: CDP68HC04P2 = 32 x 8 - CDP68HC04P3 = 128 x 8 


Fig. 1 - Block diagram. 
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8-Bit HCMOS Microcomputers 


20 TTL/CMOS compatible 
bidirectional !/O lines 
(eight lines are LED compatible) 
On-chip clock generator 
Similar to CDP6800 series 
Byte-efficient instruction set 
Easy to program 
True bit manipulation 
10 powerful addressing modes 


The RCA-CDP68HCO04P2 and CDP68HCO04P3 are 
equivalent and are direct replacements for the industry 
types MC68HC04P2 and MC68HCO4P3. 


*HCMOS-High-Density CMOS Silicon Gate 


*This type wiil be supplied in a 28-lead, small-outline 
plastic package, S.O.P. (N-suffix). Schedule availability 


PBO 
PBI 
Data Port PB2 Port 
PB3 B 
Dir B PB4 1/0 
R R 
eg “9 PB5 Lines 
PB6 
PB7 
64x 8 
Data ROM 
Data | Port PCO Port 
Dir C PCt Cc 
Reg Reg PC2 1/0 
PC3 Lines 
RAM ** 
92CM- 38129 


File Number 1554 
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PROGRAMMING MODEL 


The CDP68HC04 Family CPU has four registers and two 
flags available to the programmer. They are shown in Fig. 
2 and are explained in the following paragraphs. 


Accumulator (A) 


The accumulator is an 8-bit general purpose register used 
in all arithmetic calculations, logical operations, and data 
manipulations. The accumulator is implemented as the Tae ee 


7 0 

highest RAM location ($FF) in data space and thus ccaniee : ee 

implies that several instructions exist which are not in Data eee Sees x 
7 0 


Accumulator 
explicity implemented. Space RAM 


Indirect Registers (XP, YP) 


These two indirect registers are used to maintain pointers 

to other memory locations in data space. They are used in 

the register-indirect addressing mode, and can be 11 87 0 
accessed with the direct, indirect, short direct, or bit ee a ee 
set/clear addressing modes. These registers are poe 
implemented as two of the 32 RAM locations ($80, $81) 

and as such generate implied instructions and may be 


Indirect 
Register Y 


: F pte Normal Flags 
manipulated in a manner similar to any RAM memory cers cullihatlied_ceamenreer “e 
location in data space. 
Program Counter (PC) Interrupt Flags Tez] 
_——$—— lz 


The program counter is a 12-bit register that contains the 
address of the next ROM word to be used (may be 


opcode, operand, or address of operand). The 12-bit 92CS- 3815! 


program counter is contained in PCL (low byte) and PCH Fig. 2 - Programming model. 
(high nibble). 
(a) Program Space Memory Map (b) Data Space Memory Map 
$000 Port A Data Register $00 
R | 
eservec:I DONG! SADF Port B Data Register $01 
$AEO Es EE ee Port C Data Reg. | $02 
Self-Check ROM Not Used $03 
SBFF Port A Data Direction Register $04 
$C00 Port B Data Direction Register $05 
| | Port C DDR $06 
Program ROM em oe $07 
Not Used 
$FF7 $08 
Self Check [RO Vector $FF8-SFF9 Timer Status Control Register $09 
Self Check Restart Vector $FFA-$FFB SOA 
User [RO Vector $FFC-$FFD Future Expansion + 
$20 
User Data Space ROM 

S5F 
$60 

(c) Stack Space Memory Map PUIUreERPanslo0 
$7F 

Data Space RAM 
S9F 
$A0 

Future Expansion 
$FC 
Prescaler Register $FD 
Timer Count Register SFE 
Fig. 3 - Address map. SFF 


92CM-38130 
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Addressing Modes 

[aor | we [ome] oe | at | “oe [ee [SS [eee nee |e Te 
Mnemonic Inherent Immediate Direct Direct Clear Branch Indirect Extended Relative Z C 

WROD oie eatin ee he ce liens oe eae ee ee ed ee 
Ee aaa (RI SRS nen (ea ee (RS TENA eee: ey a eee Os a ee 
EE ee converts this to “ADD $FF” ae ase eee BS eee ees 
Lie ae eee eee ieee eee (a i |S a ees ee er eee 
PB a oe ce ee eee le ee red ae ee Wee ee ee | 
Sea i ree ee, Re ee ee ec Pe ere ee he ee 
Pa i Ne aera ee ae a ar Ae aes eh ce eel ne ee oP tee ee a el 
fans ——SC~—‘“SSC‘“‘;‘CC*d Assembler converts thsto ec” ——S—S«dYSSCSC~—~dSCSCSCSC~idSCSC‘“CS;SC~irSC Td 
fo CC Assembler converts this to BCS” ae eae Pal iar pears (Ipeeee easier Som ONG aaa) 
eee es eee aia Oat ieee) Se neeaeme es (ns (a ens ee ae ee 
Sp ets Nate ce Ml ae oe eee me, wee eee lta ere le et 
MORSE ee le ee 
lesen ee ee ee i ee | 
roura_——SSsS—~—~—SSCSCS*dSTSSS*dC Assembler converts this to SUB GFF SSSCdTSCCSCSC*dY SCSC~C~idSCA Cd 
fourx__—*dt id | Assembler converts this to vi se0r07 [+t -+i| sid dd 
rcury_——S*dtCSSCSCSCSC*dtCCSSCSCS*dCssembior converts this to Viger” «dY SSSCidSCSSSCid SSC dd 
OE ee i ee 
MEOW le Ne ee eee re ens ee A i) 
ee ek ee ee ne es I a ke 
DECA a | ne | 
el Peel eee Assembler converts this to “DEC $80” cece a aoween (RE Ge Se ee 
foecy «i —SS*dt | Assembler converts this to “DEC $81" Po ee 
Wee ee ee ee ee ee ee 
rINcA——SsS~=~wSSCCSCtCt~‘iCSSSCSCS*dCssemib er converts this to INC SF C«dESCSC~*iCSC“‘SCLCOC*C“‘#SNNSASC*dS 
fincx CTC Assembler converts thisto INC 80” TT 
incy Si SSCSCSC*CSSS*d Assembler converts this to inc sar | +i Sid SSSCidC Add 
CMB ee i ee 
si ee Se ie Oe I ee es eee ee 
a et ee ee et I ee ee 
ploxrSsSCS—~sSSSSCS*dCSC* Assembler converts this to MVIS80,0ATA’ | «4 SSs=—~iSC‘C;C‘“~;<~rS Cd 
fioyr—SSSCS~sSCSSSSC~i Cd Assembler converts this to MVIS1DATA’ | «dT SsC~irSSC“‘<‘ziYSS Cd 
Eas (ARN SCE (PRISE COON SSSA (SAE ERS (Eee aeons le ae OSA 
[NOP SCdSSCSSC*CSCS*SC*dSC*C serie converts this to BEPC) Sd Sd Cd Sd 
OU ne eee ee ee ee ee ee 
Aree ee ee ee ee ee 
ieee le ee ee oe 
[te ee le a Re ee ee ee ee 
aa (sera se a aes ae ee ed (eel eA ies ieee 
Assembler converts this to ‘'STA $80" — 
TAY Assembierconvertsthisto"STASBI” Cd 
LTXAL OO  Assemblerconvertsthisto"LDA S80" CU TCU 
LTYA  Assemblerconvertsthisto"LDA SBI" CC™C~“—*S*S*~*~*~CCCCSCCCCCYT.S CdS Cid 


Flag Symbols 2= Zero, C= Carry Borrow. A= Test and Set if True, Cleared Otherwise, e= Not Affected 
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HCMOS Microcomputer 


SECTION 1 
INTRODUCTION 


1.1 GENERAL 


The CDP68HCO5C4 HCMOS Microcomputer is a member of the CDP68HCO5 Family of low-cost 
single-chip microcomputers. This 8-bit microcomputer contains an on-chip oscillator, CPU, RAM, ROM, 
|/O, two serial interface systems, and timer. The fully static design allows operation at frequencies down 
to dc, further reducing its already low-power consumption. 


1.2 FEATURES 
The following are some of the hardware and software highlights of the CDP68HCO5C4. 


HARDWARE FEATURES 


HCMOS Technology 

8-Bit Architecture 

Power Saving Stop and Wait Modes 

Fully Static Operation 

176 Bytes of On-Chip RAM 

4160 Bytes of On-Chip ROM 

24 Bidirectional |/O Lines 

2.1 MHz Internal Operating Frequency at 5 Volts; 1.0 MHz at 3 Volts 
Internal 16-Bit Timer Similar to MC6801 Timer 

Serial Communications Interface System 

Serial Peripheral Interface System 

self-Check Mode 

External, Timer, Serial Communications Interface, and Serial Peripheral Interface Interrupts 
Master Reset and Power-On Reset 

Single 3- to 6-Volt Supply 

On-Chip Oscillator with RC or Crystal Mask Options 

40-Pin Dual-in-Line Package 

Chip Carrier Also Available 


SOFTWARE FEATURES 
@® Similar to MC6800 
@® 8 x 8 Unsigned Multiply Instruction 
@ Efficient Use of Program Space 
@ Versatile Interrupt Handling 
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SOFTWARE FEATURES (Continued) 
@ True Bit Manipulation 
@® Addressing Modes with Indexed Addressing for Tables 
@ Efficient Instruction Set 
@ Memory Mapped I/O 
@ 
@ 


Two Power-Saving Standby Modes 
Upward Software Compatible with the CDP6805 CMOS Family 


TCMP OSC1 OSC2 
35 Internal 39 38 internal 
| Processor Oscillator Processor 
Timer Clock 
TCAP ——37 System and Clock 1 
+2 RESET 
aa -T6) 
11 28 
PAO 10 Accumulator 27 PCO 
p in 9 8 A 6 PCT port 
ort PA2 8 p D Data | Port Pe, 
1/O ppg Z A Dir 3 Register . - 24 PCA 1/0 
Lines PAs 6 Reg Reg eg eg 23 PC5 Lines 
PAG 5 Condition 22 
PC6 
4 Code 71 
PA? 5 Register CC PC7 
PBO 13 6 Pointer S 
rogram ystem 
OM. ee 15 Port } Data Counter 31 1D ee) 
B PB3 B Dj Ligh MISO (PD2) 
1/0 PB4 «18 Sa eee 5 gn PCH SPI 32 MOS! (PD3) 
Lines PBS «qld 29 | ned Program System 33 ys sck (PDA) 
PB6 18 Counter 34 Ss (PD5) 
PBT 19 Low PCL 


Baud Rate 
Generator 
4160 x 8 Ba Internal 
atic 
ROM RAM a 
240 x 8 sid 


Self-Check 
ROM 


Figure 1-1. CDP68HCO5C4 Microcomputer Block Diagram 
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SECTION 2 
FUNCTIONAL PIN DESCRIPTION, INPUT/OUTPUT PROGRAMMING, 
MEMORY, CPU REGISTERS, AND SELF-CHECK 


This section provides a description of the functional pins, input/output programming, memory, 
CPU registers, and self-check. 


2.1 FUNCTIONAL PIN DESCRIPTION 


2.1.1 VDD and Vss 
Power is supplied to the MCU using these two pins. VDD is power and VSS is ground. 


2.1.2 IRO (Maskable Interrupt Request) 


IRQ is a programmable option which provides two different choices of interrupt triggering sensi- 
tivity. These options are: 1) negative edge-sensitive triggering only, or 2) both negative edge- 
sensitive and level-sensitive triggering. In the latter case, either type of input to the IRO pin will pro- 
duce the interrupt. The MCU completes the current instruction before it responds to the interrupt 
request. When the IRQ pin goes low for at least on tiL|H, a logic one is latched internally to signify 
an interrupt has been requested. When the MCU completes its current instruction, the interrupt 
latch is tested. If the interrupt latch contains a logic one, and the interrupt mask bit (| bit) in the con- 
dition code register is clear, the MCU then begins the interrupt sequence. 


If the option is selected to include level-sensitive triggering, then the [RO input requires an external 
resistor to VDD for ‘‘wire-OR”’ operation. See INTERRUPTS in Section 3 for more detail concerning 
interrupts. 


2.1.3 RESET 


The RESET input is not required for startup but can be used to reset the MCU internal state and pro- 
vide an orderly software startup procedure. Refer to RESETS in Section 3 for a detailed description. 


2.1.4 TCAP . 


The TCAP input controls the input capture feature for the on-chip programmable timer system. 
Refer to INPUT CAPTURE REGISTER in Section 4 for additional information. 


2.1.5 TCMP 


The TCMP pin (35) provides an output for the output compare feature of the on-chip timer system. 
Refer to OUTPUT COMPARE REGISTER in Section 4 for additional information. 
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2.1.6 OSC1, OSC2 


The CDP68HCO5C4 can be configured to accept either a crystal input or an RC network to control 
the internal oscillator. The internal clocks are derived by a divide-by-two of the internal oscillator fre- 
quency (fosc). 
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2.1.6.1 CRYSTAL. The circuit shown in Figure 2-1(b) is recommended when using a crystal. The 
internal oscillator is designed to interface with an AT-cut parallel resonant quartz crystal resonator 
in the frequency range specified for fogc in 9.7 or 9.8 Control Timing. Use of an external CMOS 
oscillator is recommended when crystals outside the specified ranges are to be used. The crystal 
and components should be mounted as close as possible to the input pins to minimize output 
distortion and startup stabilization time. Refer to 9.5 or 9.6 for Vpp specifications. 


po MHz | 4 MHz | Units _ 
Cy 
1 


5 | a 
F 
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— (c) Equivalent Crystal Circuit 


(b) Crystal Oscillator Connections 
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(e) External Clock Source Connections 


(d) RC Oscillator Connections 


Figure 2-1. Oscillator Connections 
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Section 6. Two of these lines, PDO/RD! and PD1/TDO, are used in the serial communications inter- 
face (SCI) discussed in Section 5. Refer to 2.2 INPUT/OUTPUT PROGRAMMING for a detailed 
description of |/O programming. 


2.2 INPUT/OUTPUT PROGRAMMING 


2.2.1 Parallel Ports 


Ports A, B, and C may be programmed as an input or an output under software control. The direc- 
tion of the pins is determined by the state of the corresponding bit in the port data direction register 
(DDR). Each 8-bit port has an associated 8-bit data direction register. Any port A, port B, or port C 
pin is configured as an output if its corresponding DDR bit is set to a logic one. A pin is configured 
as an input if its corresponding DDR bit is cleared to a logic zero. At power-on or reset, all DDRs are 
cleared, which configure all port A, B, and C pins as inputs. The data direction registers are capable 
of being written to or read by the processor. Refer to Figure 2-3 and Table 2-1. During the program- 
med output state, a read of the data register actually reads the value of the output data latch and 
not the I/O pin. 


Data Direction 
Register 


Latched 
Output Data 
Bit 


Internal 
CDP68HCO5C4 
Connections 


4 
Typical Port u : : : : 
Data Direction | por 7| DDR 6| DDR 5| DDR 4| DDR 3] DOR 2 DDR O 
a a 
Typical Port 
Register 
Pin P-7 P6 P5 P4 P-3 P-2 P-1 ~~ P-O 


Figure 2-3. Typical Parallel Port 1/O Circuitry 
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2.1.6.2 RC. If the RC oscillator option is selected, then a resistor is connected to the oscillator pins 
as shown in Figure 2-1(d). The relationship between R and fosc is shown in Figure 2-2. 


Figure 2-2. Typical Frequency vs Resistance For 
RC Oscillator Option Only 


2.1.6.3 EXTERNAL CLOCK. An external clock should be applied to the OSC1 input with the OSC2 
input not connected, as shown in Figure 2-1(e). An external clock may be used with either the RC or 
crystal oscillator option. The toxOy or tILCH specifications do not apply when using an external 
clock input. The equivalent specification of the external clock source should be used in lieu of 
tOXOV OF TILCH. 


2.1.7 PAQ-PA7 


These eight |/O lines comprise port A. The state of any pin is software programmable and all port A 
lines are configured as input during power-on or reset. Refer to INPUT/OUTPUT PROGRAMMING 
paragraph below for a detailed description of !/O programming. 


2.1.8 PBO-PB7 


These eight lines comprise port B. The state of any pin is software programmable and all port B lines 
are configured as input during power-on or reset. Refer to INPUT/OUTPUT PROGRAMMING 
paragraph below for a detailed description of I/O programming. 


2.1.9 PCO-PC7 


These eight lines comprise port C. The state of any pin is software programmable and all port C lines 
are configured as input during power-on or reset. Refer to INPUT/OUTPUT PROGRAMMING 
paragraph below for a detailed description of !/O programming. 


2.1.10 PDO-PD5, PD7 


These seven lines comprise port D, a fixed input port that is enabled during power-on. All enabled 
special functions (SP! and SCI) affect the pins on this port. Four of these lines, PD2/MISO, 
PD3/MOSI, PD4/SCK, and PD5/SS, are used in the serial peripheral interface (SPI) discussed in 
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Table 2-1. |/O Pin Functions 


| DOR | 1/0 Pin Function 
| 0 | The I/O pin is in input mode. Data is written into the output data latch. 
Data is written into the output data latch and output to the I/O pin. 


The state of the |/O pin is read. 
eee The I/O pin is in an output mode. The output data latch is read. 


*R/W is an internal signal. 


2.2.2 Fixed Port 


Port D is a 7-bit fixed input port (PDO-PD5, PD7) that continually monitors the external pins 
whenever the SPI or SCI systems are disabled. During power-on reset or external reset all seven bits 
become valid input ports because all special function output drivers are disabled. For example, with 
the serial communications interface (SCI) system enabled, (RE= TE=1) PDO and PD1 inputs will 
read zero. With the serial peripheral interface (SPI) system disabled (SPE=0) PD2 through PD65 will 
read the state of the pin at the time of the read operation. No data register is associated with the 
port when it is used as an input. 


2.2.3 Serial Port (SCI and SPI) 


The serial communications interface (SCI) and serial peripheral interface (SPI) use the port D pins 
for their functions. The SCI function requires two of the pins (PDO-PD1) for its receive data input 
(RDI) and transmit data output (TDO) respectively, whereas the SPI function requires four of the 
pins (PD2-PD5) for its serial data input/output (MISO), serial data output/input (MOSI), system 
clock (SCK), and slave select (SS) respectively. Refer to SECTION 5 SERIAL COMMUNICATIONS 
INTERFACE and SECTION 6 SERIAL PERIPHERAL INTERFACE for a more detailed discussion. 


2.3 MEMORY 


As shown in Figure 2-4, the MCU is capable of addressing 8192 bytes of memory and I/O registers 
with its program counter. The CDP68HCO5C4 MCU has implemented 4601 bytes of these locations. 
The first 256 bytes of memory (page zero) include: 25 bytes of I/O features such as data ports, the 
port DDRs, timer, serial peripheral interface (SPI), and serial communication interface (SCI); 48 
bytes of user ROM, and 176 bytes of RAM. The next 4096 bytes complete the user ROM. The self- 
check ROM (224 bytes) and self-check vectors (16 bytes) are contained in memory locations $1FOO 
through $1FEF. The 16 highest address bytes contain the user defined reset and the interrupt vec- 
tors. Seven bytes of the lowest 32 memory locations are unused and the 176 bytes of user RAM in- 
clude up to 64 bytes for the stack. Since most programs use only a small part of the allocated stack 
locations for interrupts and/or subroutine stacking purposes, the unused bytes are usable for pro- 
gram data storage. 
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Figure 2-4. Address Map 
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2.4 CPU REGISTERS 


The CDP68HCO5C4 CPU contains five registers, as shown in the programming model of Figure 2-5. The 
interrupt stacking order is Shown in Figure 2-6. 


Accumulator 
Index Register 
Program Counter 


Stack Pointer 


Condition Code Register 
Carry/ Borrow 


Zero 

Negative 
Interrupt Mask | 
Half Carry 


Figure 2-5. Programming Model 
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Addresses 
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Unstack 
NOTE: Since the Stack Pointer decrements during pushes, the PCL is 


stacked first, followed by PCH, etc. Pulling fram the stack is 
in the reverse order. 


Figure 2-6. Stacking Order 
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2.4.1 Accumulator (A) 


The accumulator is an 8-bit general purpose register used to hold operands, results of the arithmetic 
calculations, and data manipulations. 
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2.4.2 Index Register (X) 


The X register is an 8-bit register which is used during the indexed modes of addressing. It provides 
an 8-bit value which is used to create an effective address. The index register is also used for data 
manipulations with the read-modify-write type of instructions and as a temporary storage register 
when not performing addressing operations. 


2.4.3 Program Counter (PC) 


The program counter is a 13-bit register that contains the address of the next instruction to be 
executed by the processor. 


2.4.4 Stack Pointer (SP) 


The stack pointer is a 13-bit register containing the address of the next free locations on the push- 
down/pop-up stack. When accessing memory, the seven most significant bits are permanently 
configured to 0000011. These seven bits are appended to the six least significant register bits to pro- 
duce an address within the range of SOOFF to $OQOCO. The stack area of RAM is used to store the 
return address on subroutine calls and the machine state during interrupts. During external or 
power-on reset, and during a reset stack pointer (RSP) instruction, the stack pointer is set to its up- 
per limit (SOOFF). Nested interrupt and/or subroutines may use up to 64 (decimal) locations. When 
the 64 locations are exceeded, the stack pointer wraps around and points to its upper limit (SOOFF), 
thus, losing the previously stored information. A subroutine call occupies two RAM bytes on the 
stack, while an interrupt uses five RAM bytes. 


2.4.5 Condition Code Register (CC) 


The condition code register is a 5-bit register which indicates the results of the instruction just 

executed as well as the state of the processor. These bits can be individually tested by a program 

and specified action taken as a result of their state. Each bit is explained in the following 
. paragraphs. . . 


2.4.5.1 HALF CARRY BIT (H). The H bit is set to a one when a carry occurs between bits 3 and 4 of 
the ALU during an ADD or ADC instruction. The H. bit is useful in binary coded decimal 
subroutines. | 


2.4.5.2 INTERRUPT MASK BIT (I). When the | bit is set, all interrupts are disabled. Clearing this bit 
enables the interrupts. If an external interrupt occurs while the | bit is set, the interrupt is latched 
and is processed after the | bit is next cleared; therefore, no interrupts are lost because of the | bit 
being set. An internal interrupt can be lost if it is cleared while the | bit is set (refer to SECTION 4 
PROGRAMMABLE TIMER, SECTION 5 SERIAL COMMUNICATIONS INTERFACE, and SECTION 
6 SERIAL PERIPHERAL INTERFACE for more information). 


6805-Series Microprocessors and Microcomputers 


2.4.5.3 NEGATIVE (N). When set, this bit indicates that the result of the last arithmetic, logical, or 
data manipulation is negative (bit 7 in the result is a logic one). 


2.4.5.4 ZERO (Z). When set, this bit indicates that the result of the last arithmetic, logical, or data 
manipulation is zero. 


2.4.5.5 CARRY/BORROW (C). Indicates that a carry or borrow out of the arithmetic logic unit 
(ALU) occurred during the last arithmetic operation. This bit is also affected during bit test and 
branch instructions, shifts, and rotates. 


2.5 SELF-CHECK 


The self-check capability of the CDP68HCO5C4 MCU provides an internal check to determine if the 
device is functional. Self-check is performed using the circuit shown in the schematic diagram of 
Figure 2-7. As shown in the diagram, port C pins PCO-PC3 are monitored (light emitting diodes are 
shown but other devices could be used) for the self-check results. The self-check mode is entered 
by applying a 9 Vdc input (through a 4.7 kilohm resistor) to the [RO pin (2) and 5 Vdc input (through 
a 4.7 kilohm resistor) to the TCAP pin (37) and then depressing the reset switch to execute a reset. 
After reset, the following seven tests are performed automatically: 

I/O — Functionally exercises ports A, B, and C 

RAM — Counter test for each RAM byte 

Timer — Tracks counter register and checks OCF flag 

SCl — Transmission Test; checks for RDRF, TORE, TC, and FE flags 

ROM — Exclusive OR with odd ones parity result 

SPI — Transmission test with check for SPIF, WCOL, and MODF flags 

INTERRUPTS — Tests external, timer, SCI, and SPI interrupts. 


Self-check results (using the LEDs as monitors) are shown in Table 2-2. The following subroutines 
are available to user programs and do not require any external hardware. 


2.6 TIMER TEST SUBROUTINE 
This subroutine returns with the Z bit cleared if any error is detected; otherwise, the Z bit is set. 


This subroutine is called at location $1FOE. The output compare register is first set to the current 
timer state. Because the timer is free running and has only a divide-by-four prescaler, each timer 
count cannot be tested. The test reads the timer once every 10 counts (40 cycles) and checks for 
correct counting. The test tracks the counter until the timer wraps around, triggering the output 
compare flag in the timer status register. RAM locations $0050 and $0051 are overwritten. Upon 
return to the user's program, X= 40. If the test passed, A=0. 


2.7 ROM CHECKSUM SUBROUTINE 


This subroutine returns with the Z bit cleared if any error is detected; otherwise, the Z bit is set. 


This subroutine is called at location $1F93 with RAM location $0053 equal to $01 and A=0. A short 
routine is set up and executed in RAM to compute a checksum of the entire ROM pattern. Upon 
return to the user's program, X=0. If the test passed, A=0. RAM locations $0050 through $0053 
are overwritten. 
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NOTE: The RC Oscillator Option may also be used in this circuit. 


Figure 2-7. Self-Check Circuit Schematic Diagram 


Table 2-2. Self-Check Results 


P+ to fol: [ea 
OS 
CO 
a OB FO (ec 
0 
a 


0 Indicates LED on; 1 Indicates LED is off. 
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SECTION 3 
RESETS, INTERRUPTS, AND LOW POWER MODES 


3.1 RESETS 


The CDP68HCO5C4 has two reset modes: an active low external reset pin (RESET) and a power-on 
reset function; refer to Figure 3-1. 


3.1.1 RESET Pin 


The RESET input pin is used to reset the MCU to provide an orderly software startup procedure. 
When using the external reset mode, the RESET pin must stay low for a minimum of one and one 
half teyc. The RESET pin contains an internal Schmitt Trigger as part of its input to improve noise 
immunity. 


3.1.2 Power-On Reset 


The power-on reset occurs when a positive transition is detected on VDp. The power-on reset is 
used strictly for power turn-on conditions and should not be used to detect any drops in the power 
supply voltage. There is no provision for a power-down reset. The power-on circuitry provides for a 
4064 tcyc delay from the time that the oscillator becomes active. If the external RESET pin is low at 
the end of the 4064 tcyc time out, the processor remains in the reset condition until RESET goes 
high. 


Table 3-1 shows the actions of the two resets on internal circuits, but not necessarily in order of 
occurrence (X indicates that the condition occurs for the particular reset). 


3.2 INTERRUPTS 


Systems often require that normal processing be interrupted so that some external event may be 
serviced. The CDP68HCO5C4 may be interrupted by one of five different methods: either one of four 
maskable hardware interrupts (IRQ, SPI, SCI, or Timer) and one non-maskable software interrupt 
(SWI). Interrupts such as Timer, SPI, and SCI have several flags which will cause the interrupt. 
Generally, interrupt flags are located in read-only status registers, whereas their equivalent enable 
bits are located in associated control registers. The interrupt flags and enable bits are never con- 
tained in the same register. If the enable bit is a logic zero it blocks the interrupt from occurring but 
does not inhibit the flag from being set. Reset clears all enable bits to preclude interrupts during the 
reset procedure. 


The general sequence for clearing an interrupt is a software sequence of first accessing the status 
register while the interrupt flag is set, followed by a read or write of an associated register. When 
any of these interrupts occur, and if the enable bit is a logic one, normal processing is suspended at 
the end of the current instruction execution. Interrupts cause the processor registers to be saved on 
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Table 3-1. Reset Action on Internal Circuit 


Timer Prescaler reset to zero state 

Timer counter configured to $FFFC 

Timer output compare (TCMP) bit reset to zero 

All timer interrupt enable bits cleared (ICIE, OCIE, and TOIE) to disable timer interrupts. 
The OLVL timer bit is also cleared by reset. 

All data direction registers cleared to zero (input) 

Configure stack pointer to SOOFF 

Force internal address bus to restart vector ($1FFE-$1FFF) 

Set | bit in condition code register to a logic one 

Clear STOP latch 

Clear external interrupt latch 

Clear WAIT latch 

Disable SCI (serial control bits TE=0O and RE=0). Other SC! bits cleared by reset include: TIE, TCIE, 
RIE, ILIE, RWU, SBK, RORF, IDLE, OR, NF, and FE. 

Disable SPI (serial output enable control bit SPE=0). Other SPI bits cleared by reset include: SPIE, 
MSTR, SPIF, WCOL, and MODF. 

Set serial status bits TDRE and TC 

Clear all serial interrupt enable bits (SPIE, TIE, and TCIE) 

Place SPI system in slave mode (MSTR=0) 

Clear SCI prescaler rate control bits SCPO-SCP1 


* Indicates that timeout still occurs. 


RESET Power-On 
Pin Reset 


x KK KK 
x KK XK 


x KK KK KK XK 
x KK KK KK 


x< 
x< 


x KK XK 
<x KK MK 


the stack (see Figure 2-6) and the interrupt mask (| bit) set to prevent additional interrupts. The 
appropriate interrupt vector then points to the starting address of the interrupt service routine (refer 
to Figure 2-4 for vector location). Upon completion of the interrupt service routine, the RTI instruc- 
tion (which is normally a part of the service routine) causes the register contents to be recovered 
from the stack followed by a return to normal processing. The stack order is shown in Figure 2-6. 


NOTE 
The interrupt mask bit (| bit) will be cleared if and only if the corresponding bit stored in 
the stack is zero. 


A discussion of interrupts, plus a table listing vector addresses for all interrupts including reset, in 
the CDP68HC05C4 is provided in Table 3-2. 


Table 3-2. Vector Address for Interrupts and Reset 


Flag Vector 
Register Name ra Address 


N/A Reset S1FFE-S1FFF 
N/A Software 
N/A External Interrupt 
Timer Status Input Capture 
Output Compare 


Timer Overflow 
SCI Status Transmit Buffer Empty 
Transmit Complete 
Receiver Buffer Full 
Idle Line Detect 
Overrun 
SP! Status Transfer Complete S1FF4-S1FF5 
Mode Fault 
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3.2.1 Hardware Controlled Interrupt Sequence 


The following three functions (RESET, STOP, and WAIT) are not in the strictest sense an interrupt; 
however, they are acted upon in a similar manner. Flowcharts for hardware interrupts are shown in 
Figure 3-2, and for STOP and WAIT are provided in Figure 3-3. A discussion is provided below. 

(a) — A low input.on the RESET input pin causes the program to vector to its starting address 
which is specified by the contents of memory locations $1FFE and $1FFF. The! bit in the 
condition code register is also set. Much of the MCU is configured to a known state dur- 
ing this type of reset as previously described in RESETS paragraph 3.1. 

(b) STOP — The STOP instruction causes the oscillator to be turned off and the processor 
to ‘‘sleep’’ until an external interrupt (IRQ) or reset occurs. 

(c) WAIT — The WAIT instruction causes all processor clocks to stop, but leaves the 
Timer, SCI, and SPI clocks running. This ‘“‘rest’’ state of the processor can be cleared by 
reset, an external interrupt ([RO), Timer interrupt, SPI interrupt, or SCI interrupt. There 
are no special wait vectors for these individual interrupts. 
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3.2.2 Software Interrupt (SWI) 


The software interrupt is an executable instruction. The action of the SWI instruction is similar to 
the hardware interrupts. The SWI is executed regardless of the state of the interrupt mask (I bit) in 
the condition code register. The interrupt service routine address is specified by the contents of 
memory location $1FFC and $1FFD. 


3.2.3 External Interrupt 


If the interrupt mask (I bit) of the condition code register has been cleared and the external interrupt 
pin (IRQ) has gone low, then the external interrupt is recognized. When the interrupt is recognized, 
the current state of the CPU is pushed onto the stack and the | bit is set. This masks further inter- 
rupts until the present one is serviced. The interrupt service routine address is specified by the con- 
tents of memory location $1FFA and S1FFB. Either a level-sensitive and negative edge-sensitive 
trigger, or a negative edge-sensitive only trigger are available as a mask option. Figure 3-4 shows 
both a functional and mode timing diagram for the interrupt line. The timing diagram shows two dif- 
ferent treatments of the interrupt line (IRQ) to the processor. The first method shows single pulses 
on the interrupt line spaced far enough apart to be serviced. The minimum time between pulses is a 
function of the number of cycles required to execute the interrupt service routine plus 21 cycles. 
Once a pulse occurs, the next pulse should not occur until the MCU software has exited the routine 
(an RTI occurs). The second configuration shows several interrupt lines ‘‘wire-ORed’’ to form the 
interrupts at the processor. Thus, if after servicing one interrupt the interrupt line remains low, then 
the next interrupt is recognized. 


NOTE 
The internal interrupt latch is cleared in the first part of the service routine; therefore, one 
(and only one) external interrupt pulse could be latched during tiL|L and serviced as soon 
as the | bit is cleared. 
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Figura 3-2. Hardware Interrupt Flowchart 
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(a) Interrupt Function Diagram 
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Figure 3-4. External Interrupt 
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3.2.4 Timer Interrupt 


There are three different timer interrupt flags that will cause a timer interrupt whenever they are set 
and enabled. These three interrupt flags are found in the three most significant bits of the timer 
Status register (TSR, location $13) and all three will vector to the same interrupt service routine 
($1FF8-$1FF9). 


All interrupt flags have corresponding enable bits (ICIE, OCIE, and TOIE) in the timer control 
register (TCR, location $12). Reset clears all enable bits, thus preventing an interrupt from occurring 
during the reset time period. The actual processor interrupt is generated only if the | bit in the condi- 
tion code register is also cleared. When the interrupt is recognized, the current machine state is 
pushed onto the stack and | bit is set. This masks further interrupts until the present one is serviced. 
The interrupt service routine address is specified by the contents of memory location $1FF8 and 
S1FF9. The general sequence for clearing an interrupt is a software sequence of accessing the 
Status register while the flag is set, followed by a read or write of an associated register. Refer to 
SECTION 4 PROGRAMMABLE TIMER for additional information about the timer circuitry. 


3.2.5 Serial Communications Interface (SCI) Interrupts 


An interrupt in the serial communications interface (SCI) occurs when one of the iriterrupt flag bits 
in the serial communications status register is set, provided the | bit in the condition code register is 
clear and the enable bit in the serial communications control register 2 (location SOF) is enabled. 
When the interrupt is recognized, the current state of the machine is pushed onto the stack and the 
| bit in the condition code register is set. This masks further interrupts until the present one is ser- 
viced. The SCI interrupt causes the program counter to vector to memory location $1FF6 and $1FF7 
which contains the starting address of the interrupt service routine. Software in the serial interrupt 
service routine must determine the priority and cause of the SCI interrupt by examining the interrupt 
flags and the status bits located in the serial communications status register (location $10). The 
general sequence for clearing an interrupt is a software sequence of accessing the serial com- 
munications status register while the flag is set followed by a read or write of an associated register. 
Refer to SECTION 5 SERIAL COMMUNICATIONS INTERFACE for a description of the SCI system 
and its interrupts. 


3.2.6 Serial Peripheral Interface (SPI) Interrupts 


An interrupt in the serial peripheral interface (SPI) occurs when one of the interrupt flag bits in the 
serial peripheral status register (location $0B) is set, provided the | bit in the condition code register 
is clear and the enable bit in the serial peripheral control register (location $OA) is enabled. When the 
interrupt is recognized, the current state of the machine is pushed onto the stack and the | bit in the 
condition code register is set. This masks further interrupts until the present one is serviced. The 
SPI interrupt causes the program counter to vector to memory location $1FF4 and $1FF5 which 
contains the starting address of the interrupt service routine. Software in the serial peripheral inter- 
rupt service routine must determine the priority and cause of the SPI interrupt by examining the 
interrupt flag bits located in the SPI status register. The general sequence for clearing an interrupt is 
a software sequence of accessing the status register while the flag is set, followed by a read or write 
of an associated register. Refer to SECTION 6 SERIAL PERIPHERAL INTERFACE for a description 
of the SPI system and its interrupts. 
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3.3 LOW POWER MODES 


3.3.1 STOP Instruction 


The STOP instruction places the CDP68HCO5C4 in its lowest power consumption mode. In the 
STOP mode the internal oscillator is turned off, causing all internal processing to be halted; refer to 
Figure 3-3. During the STOP mode, the | bit in the condition code register is cleared to enable exter- 
nal interrupts. All other registers and memory remain unaltered and all input/output lines remain un- 
changed. This continues until an external interrupt (IRQ) or reset is sensed at which time the inter- 
nal oscillator is turned on. The external interrupt or reset causes the program counter to vector to 
memory location $1FFA and $1FFB or $1FFE and $1FFF which contains the starting address of the 
interrupt or reset service routine respectively. 


3.3.2 WAIT Instruction 


The WAIT instruction places the CDP68HCO5C4 in a low power consumption mode, but the WAIT 
mode consumes somewhat more power than the STOP mode. In the WAIT mode, the internal po 
clock remains active, and all CPU processing is stopped; however, the programmable timer, serial 

peripheral interface, and serial communications interface systems remain active. Refer to Figure 

3-3. During the WAIT mode, the | bit in the condition code register is cleared to enable all interrupts. 

All other registers and memory remain unaltered and all parallel input/output lines remain un- 

changed. This continues until any interrupt or reset is sensed. At this time the program counter vec- 

tors to the memory location ($1FF4 through $1FFF) which contains the starting address of the inter- 

rupt or reset service routine. 
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SECTION 4 
PROGRAMMABLE TIMER 


4.1 INTRODUCTION 


The programmable timer, which is preceded by a fixed divide-by-four prescaler, can be used for 
many purposes, including input waveform measurements while simultaneously generating an out- 
put waveform. Pulse widths can vary from several microseconds to many seconds. A block diagram 
of the timer is shown in Figure 4-1 and timing diagrams are shown in Figures 4-2 through 4-5. 


Because the timer has a 16-bit architecture, each specific functional segment (capability) is 
represented by two registers. These registers contain the high and low byte of that functional seg- 
ment. Generally, accessing the low byte of a specific timer function allows full control of that func- 
tion; however, an access of the high byte inhibits that specific timer function until the low byte is 
also accessed. 


NOTE © 


The | bit in the condition code register should be set while manipulating both the high and 
low byte register of a specific timer function to ensure that an interrupt does not occur. 
This prevents interrupts from occurring between the time that the high and low bytes are 
accessed. 


The programmable timer capabilities are provided by using the following ten addressable 8-bit 
registers (note the high and low represent the significance of the byte). A description of each 
register is provided below. 


Timer Control Register (TCR) location $12, 

Timer Status Register (TSR) location $13, 

Input Capture High Register location $14, 

Input Capture Low Register location $15, 

Output Compare High Register location $16, 
Output Compare Low Register location $17, 
Counter High Register location $18, 

Counter Low Register location $19, 

Alternate Counter High Register location $1A, and 
Alternate Counter Low Register location $1B. 
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Figure 4-1. Programmable Timer Block Diagram 
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NOTE: The Counter Register and Timer Control Register are the only ones affected by RESET. 


Figure 4-2. Timer State Timing Diagram For Reset 
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NOTE: If the input edge occurs in the shaded area from one timer state T10 to the other timer state T10 the input capture flag is set dur- 
ing the next state 111. 


Figure 4-3. Timer State Timing Diagram For Input Capture 
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NOTES: 1. The CPU write to the compare register may take place at any time, but a compare only occurs at timer state T01. Thus, a 4- 


cycle difference may exist between the write to the compare register and the actual compare. 


2. Internal compare takes place during timer state TQ1. 
3. OCF is set at the timer state T11 which follows the comparison match ($FFED in this example). 


Figure 4-4. Timer State Timing Diagram For Output Compare 
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NOTE: The TOF bit is set at timer state T11 (transition of counter from $FFFF to $0000). It is cleared by a read of the timer status register 
during the internal processor clock high time followed by a read of the counter low register. 


Figure 4-5. Timer State Diagram For Timer Overflow 


$0002 


vOISODH89dddD 


6EL 


SIDINAWIODOIOIIN PUB SIOSSBDIOICOIOIW S3118S-S089 


140 CMOS Microprocessors, Memories and Peripherals 


CDP68HCO5C4 
4.2 COUNTER 


The key element in the programmable timer is a 16-bit free running counter, or counter register, 
preceded by a prescaler which divides the internal processor clock by four. The prescaler gives the 
timer a resolution of 2.0 microseconds if the internal processor clock is 2.0 MHz. The counter Is 
clocked to increasing values during the low portion of the internal processor clock. Software can 
read the counter at any time without affecting its value. 


The double byte free running counter can be read from either of two locations $18-$19 (called 
counter register at this location), or $1A-$1B (counter alternate register at this location). A read se- 
quence containing only a read of the least significant byte of the free running counter ($19,$1B) will 
receive the count value at the time of the read. If a read of the free running counter or counter alter- 
nate register first addresses the most significant byte ($18,$1A) it causes the least significant byte 
($19,$1B) to be transferred to a buffer. This buffer value remains fixed after the first most significant 
byte ‘‘read’’ even if the user reads the most significant byte several times. This buffer is accessed 
when reading the free running counter or counter alternate register least significant byte ($19 or 
$1B), and thus completes a read sequence of the total counter value. Note that in reading either the 
free running counter or counter alternate register, if the most significant byte is read, the least 
Significant byte must also be read in order to complete the sequence. 


The free running counter is configured to $FFFC during reset and is always a read-only register. 
During a power-on-reset (POR), the counter is also configured to $FFFC and begins running after 
the oscillator startup delay. Because the free running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free running counter repeats every 262,144 MPU internal pro- 
cessor clock cycles. When the counter rolls over from $FFFF to $OO00, the timer overflow flag (TOF) 
bit is set. An interrupt can also be enabled when counter rollover occurs by setting its interrupt 
enable bit (TOIE). 


4.3 OUTPUT COMPARE REGISTER 


The output compare register is a 16-bit register, which is made up of two 8-bit registers at locations 
$16 (most significant byte) and $17 (least significant byte). The output compare register can be used 
for several purposes such as, controlling an output waveform or indicating when a period of time 
has elapsed. The output compare register is unique in that all bits are readable and writable and are 
not altered by the timer hardware. Reset does not affect the contents of this register and if the com- 
pare function is not utilized, the two bytes of the output compare register can be used as storage 
locations. 


The contents of the output compare register are compared with the contents of the free running 
counter once during every four internal processor clocks. If a match is found, the corresponding 
output compare flag (OCF) bit is set and the corresponding output level (OLVL) bit is clocked (by 
the output compare circuit pulse) to an output level register. The values in the output compare 
register and the output level bit should be changed after each successful Comparison in order to 
control an output waveform or establish a new elapsed timeout. An interrupt can also accompany a 
successful output Compare provided the corresponding interrupt enable bit, OCIE, is set. 


After a processor write cycle to the output compare register containing the most significant byte 
($16), the output compare function is inhibited until! the least significant byte ($17) is also written. 
The user must write both bytes (locations) if the most significant byte is written first. A write made 
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only to the least significant byte ($17) will not inhibit the compare function. The free running 
counter is updated every four internal processor clock cycles due to the internal prescaler. The 
minimum time required to update the output compare register is a function of the software program 
rather than the internal hardware. 


A processor write may be made to either byte of the output compare register without affecting the 
other byte. The output level (OLVL) bit is clocked to the output level register regardless of whether 
the output compare flag (OCF) is set or clear. 


Because neither the output compare flag (OCF bit) or output compare register is affected by reset, 
care must be exercised when initializing the output compare function with software. The following 
procedure is recommended: 
(1) Write the high byte of the output compare register to inhibit further compares until the low 
byte is written. 
(2) Read the timer status register to arm the OCF if it is already set. 
(3) Write the output compare register low byte to enable the output compare function with the 
flag clear. 


The advantage of this procedure is to prevent the OCF bit from being set between the time it is read 
and the write to the output compare register. A software example is shown below. 


B7 16 STA OCMPHI INHIBIT OUTPUT COMPARE 
B6 13 LDA TSTAT ARM OCF BIT IF SET 
BF 17 STX OCMPLD READY FOR NEXT COMPARE 


4.4 INPUT CAPTURE REGISTER 


The two 8-bit registers which make up the 16-bit input capture register are read-only and are used to 
latch the value of the free running counter after a defined transition is sensed by the corresponding 
input capture edge detector. The level transition which triggers the counter transfer is defined by 
the corresponding input edge bit (IEDG). Reset does not affect the contents of the input capture 
register. 


The result obtained by an input capture will be one more than the value of the free running counter 
on the rising edge of the internal processor clock preceding the external transition (refer to timing 
diagram shown in Figure 4-3). This delay is required for internal synchronization. Resolution is af- 
fected by the prescaler allowing the timer to only increment every four internal processor clock 
cycles. 


The free running counter contents are transferred to the input capture register on each proper signal 
transition regardless of whether the input capture flag (ICF) is set or clear. The input capture 
register always contains the free running counter value which corresponds to the most recent input 
capture. 


After a read of the most significant byte of the input capture register ($14), counter transfer is in- 
hibited until. the least significant byte ($15) of the input capture register is also read. This 
characteristic forces the minimum pulse period attainable to be determined by the time used in the 
capture software routine and its interaction with the main program. The free running counter in- 
crements every four internal processor clock cycles due to the prescaler. 
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A read of the least significant byte ($15) of the input capture register does not inhibit the free 
running counter transfer. Again, minimum pulse periods are ones which allow software to read the 
least significant byte ($15) and perform needed operations. There is no conflict between the read of 
the input capture register and the free running counter transfer since they occur on opposite edges 
of the internal processor clock. 


4.5 TIMER CONTROL REGISTER (TCR) 


The timer control register (TCR, location $12) is an 8-bit read/write register which contains five con- 
trol bits. Three of these bits control interrupts associated with each of the three flag bits found in 
the timer status register (discussed below). The other two bits control: 1) which edge is significant 
to the input capture edge detector (i.e., negative or positive), and 2) the next value to be clocked to 
the output level register in response to a successful output compare. The timer control register and 
the free running counter are the only sections of the timer affected by reset. The TCMP pin is forced 
low during external reset and stays low until a valid compare changes it to a high. The timer control 
register is illustrated below followed by a definition of each bit. 


7 6 5 4 3 2 1 0 
[ee [oc [roe [To [0 [0 [meta] sx 


B7, ICIE If the input capture interrupt enable (ICIE) bit is set, a timer interrupt is enabled 
when the ICF status flag (in the timer status register) is set. If the ICIE bit is 
clear, the interrupt is inhibited. The ICIE bit is cleared by reset. 


B6, OCIE If the output compare interrupt enable (OCIE) bit is set, a timer interrupt is 
enabled whenever the OCF status flag is set. If the OCIE bit is clear, the inter- 
rupt is inhibited. The OCIE bit is cleared by reset. 


Bb, TOIE If the timer overflow interrupt enable (TOIE) bit is set, a timer interrupt is 
enabled whenever the TOF status flag (in the timer status register) is set. If the 
TOIE bit is clear, the interrupt is inhibited. The TOIE bit is cleared by reset. 


B1, IEDG The value of the input edge (IEDG) bit determines which level transition on pin 
37 will trigger a free running counter transfer to the input capture register. 
Reset does not affect the IEDG bit. 
O= negative edge 
1= positive edge 


BO, OLVL The value of the output level (OLVL) bit is clocked into the output level register 
by the next successful output compare and will appear at pin 35. This bit and 
the output level register are cleared by reset. 

O= low output 
1=high output 
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4.6 TIMER STATUS REGISTER (TSR) 


The timer status register (TSR) is an 8-bit register of which the three most significant bits contain 
read-only status information. These three bits indicate the following: 
1. A proper transition has taken place at pin 37 with an accompanying transfer of the free run- 
ning counter contents to the input capture register, 
2. A match has been found between the free running’counter and the output compare register, 
and 


3. A free running counter transition from $FFFF to $0000 has been sensed (timer overflow). 


The timer status register is illustrated below followed by a definition of each bit. Refer to timing 
diagrams shown in Figures 4-2, 4-3, and 4-4 for timing relationship to the timer status register bits. 


“9 6 5 4 3 2 1 0 
| ice [| oce | tor | oo f o f o f of of} 8 
B7,.(CF The input capture flag (ICF) is set when a proper edge has been sensed by the 
input capture edge detector. It is cleared by a processor access of the timer 


Status register (with ICF set) followed by accessing the low byte ($15) of the in- 
put capture register. Reset does not affect the input compare flag. 


B6, OCF The output compare flag (OCF) is set when the output compare register con- 
tents matches the contents of the free running counter. The OCF is cleared by 
accessing the timer status register (with OCF set) and then accessing the low 
byte ($17) of the output compare register. Reset does not affect the output 
compare flag. 


B5, TOF The timer overflow flag (TOF) bit is set by a transition of the free running 
counter from $FFFF to $0000. It is cleared by accessing the timer status register 
(with TOF set) followed by an access of the free running counter least signifi- 
cant byte ($19). Reset does not affect the TOF bit. 


Accessing the timer status register satisfies the first condition required to clear any status bits which 
happen to be set during the access. The only remaining step is to provide an access of the register 
which is associated with the status bit. Typically, this presents no problem for the input capture and 
Output compare functions. 


A problem can occur when using the timer overflow function and reading the free running counter 
at random times to measure an elapsed time. Without incorporating the proper precautions into 
software, the timer overflow flag could unintentionally be cleared if: 1) the timer status register is 
read or written when TOF is set, and 2) the least significant byte of the free running counter is read 
but not for the purpose of servicing the flag. The counter alternate register at address $1A and $1B 
contains the same value as the free running counter (at address $18 and $19); therefore, this alter- 
nate register can be read at any time without affecting the timer overflow flag in the timer status 
register. 


During STOP and WAIT instructions, the programmable timer functions as follows: during the wait 
mode, the timer continues to operate normally and may generate an interrupt to trigger the CPU out 
of the wait state; during the stop mode, the timer holds at its current state, retaining all data, and 
resumes operation from this point when an external interrupt is received. 
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SECTION 5 
SERIAL COMMUNICATIONS INTERFACE (SCI) 


5.1 INTRODUCTION 


A full-duplex asynchronous serial communications interface (SCI) is provided with a standard NRZ 
format and a variety of baud rates. The SCI transmitter and receiver are functionally independent, 
but use the same data format and bit rate. The serial data format is standard mark/space (NRZ) 
which provide one start bit, eight or nine data bits, and one stop bit. ‘‘Baud”’ and ‘’bit rate’’ are used 
synonymously in the following description. 


5.1.1 SCI Two Wire System Features 


Standard NRZ (mark/space) format. 

Advanced error detection method includes noise detection for noise duration of up to 1/16 bit 
time. 

Full-duplex operation (simultaneous transmit and receive). 

Software programmable for one of 32 different baud rates. 

Software selectable world length (eight or nine bit words). 

Separate transmitter and receiver enable bits. 

SC! may be interrupt driven. 

Four separate enable bits availabie for interrupt control. 


5.1.2 SCI Receiver Features 


@ Receiver wake-up function (idle or address bit). 
@ Idle line detect. 

@ Framing error detect. 

@ Noise detect. 

@ Overrun detect. 

@ Receiver data register full flag. 


5.1.3 SCI Transmitter Features 


@ Transmit data register empty flag. 
@ Transmit complete flag. 
@ Break send. 


Any SCI two-wire system requires receive data in (RDI) and transmit data out (TDO). 
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5.2 DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the serial data which is presented between the 
internal data bus and the output pin (TDO), and between the input pin (RDI) and the internal data 
bus. Data format is as shown for the NRZ in Figure 5-1 and must meet the following criteria: 


1. A high level indicates a logic one and a low level indicates a logic zero. 

2. The idle line is in a high (logic one) state prior to transmission/reception of a message. 

3. A start bit (logic zero) is transmitted/ received indicating the start of a message. 

4. The data is transmitted and received least-significant-bit first. 

©. A stop bit (high in the tenth or eleventh bit position) indicates the byte is complete. 

6. A break is defined as the transmission or reception of a low (logic zero) for some multiple of 


the data format. 
Control bit ‘’M"’ 
Selects 8 or 9 bit data 
| aie ta aa 
0 1 2 3 4 5 6 


Z 8 0 
Idle Line S S S 
t t t 
a *Stop bit is always high. re) a 
r p r 
t t 


Figure 5-1. Data Format 


5.3 WAKE-UP FEATURE 


In a typical multiprocessor configuration, the software protocol will usually identify the addressée(s) 
at the beginning of the message. In order to permit uninterested MPUs to ignore the remainder of 
the message, a wake-up feature is included whereby all further SCI receiver flag (and interrupt) pro- 
cessing can be inhibited until its data line returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. Software for the transmitter must provide 


for the required idle string between consecutive messages and prevent it from occurring within 
messages. 


The user is allowed a second method of providing the wake-up feature in lieu of the idle string 
discussed above. This method allows the user to insert a logic one in the most significant bit of the 
transmit data word which needs to be received by all ‘‘sleeping’’ processors. 


5.4 RECEIVE DATA IN 


Receive data in is the serial data which is presented from the input pin via the SCI to the internal 
data bus. While waiting for a start bit, the receiver samples the input at a rate which is 16 times 
higher than the set baud rate. This 16 times higher-than-baud rate is referred to as the RT rate in 
Figures 5-2 and 5-3, and as the receiver clock in Figure 5-7. When the input (idle) line is detected 
low, it is tested for three more sample times (referred to as the start edge verification samples in 
Figure 5-2). If at least two of these three verification samples detect a logic low, a valid start bit is 
assumed to have been detected (by a logic low following the three start qualifiers) as shown in 
Figure 5-2; however, if in two or more of the verification samples a logic high is detected, the line is 
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Figure 5-2. Examples of Start Bit Sampling Technique 
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Figure 5-3. Sampling Technique Used on All Bits 


assumed to be idle. (A noise flag is set if one of the three verification samples detects a logic high, 
thus a valid start bit could be assumed and a noise flag still set.) The receiver clock generator is con- 
trolled by the baud rate register (see Figures 5-6 and 5-7); however, the serial communications inter- 
face is synchronized by the start bit (independent of the transmitter). 


Once a valid start bit is detected, the start bit, each data bit, and the stop-bit are sampled three 
times at RT intervals of SRT, ORT, and 1O0RT (1RT is the position where the bit is expected to start) 
as shown in Figure 5-3. The value of the bit is determined by voting logic which takes the value of 
the majority of samples (two or three out of three). A noise flag is set when all three samples on a 
valid start bit or a data bit or the stop bit do not agree. (As discussed above, a noise flag is also set 
when the start bit verification samples do not agree.) 


5.5 START BIT DETECTION FOLLOWING A FRAMING ERROR 


If there has been a framing error without detection of a break (10 zeros for 8-bit format or 11 zeros 
for 9-bit format), the circuit continues to operate as if there actually were a stop bit and the start 
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edge will be placed artificially. The last bit received in the data shift register is inverted to a logic 
one, and the three logic one start qualifiers (shown in Figure 5-2) are forced into the sample shift 
register during the interval when detection of a start bit is anticipated (see Figure 5-4); therefore the 


Start bit will be accepted no sooner than it is anticipated. 


If the receiver detects that a break (RDRF=1, FE=1, receiver data register = $00) produced the 
framing error, the start bit will not be- artificially induced and the receiver must actually receive a 


logic one bit before start. See Figure 5-5. 
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 (b) Case 2, Receive Line High During Expected Start Edge 


Figure 5-4. SCI Artificial Start Following A Framing Error 
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Figure 5-5. SCI Start Bit Following A Break 
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5.6 TRANSMIT DATA OUT (TDO) 


Transmit data out is the serial data which is presented from the internal data bus via the SCI and 
then to the output pin. Data format is as discussed above and shown in Figure 5-1. The transmitter 
generates a bit time by using a derivative of the RT clock, thus producing a transmission rate equal 
to 1/16 that of the receiver sample clock. 


5.7 REGISTERS 


There are five different registers used in the serial communications interface (SCI) and the internal 
configuration of these registers is discussed in the following paragraphs. A block diagram of the 
SCI system is shown in Figure 5-6. 


5.7.1 Serial Communications Data Register (GCDAT) 


7 6 5 4 3 2 1 0 


Serial Communications Data Register $11 


The serial communications data register performs two functions in the serial communications inter- 
face; |.e. it acts as the receive data register when it is read and as the transmit data register when it 
is written. Figure 5-6 shows this register as two separate registers, namely: the receive data register 
(RDR) and the transmit data register (TDR). As shown in Figure 5-6, the TDR (transmit data 
register) provides the parallel interface from the internal data bus to the transmit shift register and 
the receive data register (RDR) provides the interface from the receive shift register to the internal 
data bus. 


When SCDAT is read, it becomes the receive data register and contains the last byte of data 
received. The receive data register, represented above, is a read-only register containing the last 
byte of data received from the shift register for the internal data bus. The RDRF bit (receive data 
register full bit in the serial communications status register) is set to indicate that a byte has been 
transferred from the input serial shift register to the serial communications data register. The 
transfer is synchronized with the receiver bit rate clock (from the receive control) as shown in Figure 
5-6. All data is received least-significant-bit first. 


When SCDAT is written, it becomes the transmit data register and contains the next byte of data to 
be transmitted. The transmit data register, also represented above, is a write-only register contain- 
ing the next byte of data to be applied to the transmit shift register from the internal data bus. As 
long as the transmitter is enabled, data stored in the serial communications data register is transfer- 
red to the transmit shift register (after the current byte in the shift register has been transmitted). 
The transfer from the SCDAT to the transmit shift register is synchronized with the bit rate clock 
(from the transmit control) as shown in Figure 5-6. All data is transmitted least-significant-bit first. 


5.7.2 Serial Communications Control Register 1 (SCCR1) 
| 7 6 5 4 3 , 1 0 
Fed Fea me a Ge 
The serial communications control register 1 (SCCR1) provides the control bits which: 1) determine 


the word length (either 8 or 9 bits), and 2) selects the method used for the wake-up feature. Bits 6 
and 7 provide a location for storing the ninth bit for longer bytes. 
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NOTE: The Serial Communications Data Register (SCDAT) is controlled by the internal R/W signal. It is the transmit data register when 
written and receive data register when read. 


Figure 5-6. Serial Communications Interface Block Diagram 
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B7, R8 If the M bit is a one, then this bit provides a storage location for the ninth bit in 
the receive data byte. Reset does not affect this bit. 
B6, T8 If the M bit is a one, then this bit provides a storage location for the ninth bit in 
the transmit data byte. Reset does not affect this bit. 
B4, M The option of the word length is selected by the configuration of this bit and is 


shown below. Reset does not affect this bit. 
O=1 start bit, 8 data bits, 1 stop bit 
1=1 start bit, 9 data bits, 1 stop bit 


B3, WAKE This bit allows the user to select the method for receiver ‘‘wake up’’. If the 
WAKE bit is a logic zero, an idle line condition will ‘‘wake up” the receiver. If 
the WAKE bit is set to a logic one, the system acknowledges an address bit 
(most significant bit). The address bit is dependent on both the WAKE bit and 
the M bit level (table shown below). (Additionally, the receiver does not use the 
wake-up feature unless the RWU control bit in serial communications control 
register 2 is set as discussed below.) Reset does not affect this bit. 


Wake M Method of Receiver ‘‘Wake-Up” 


X | Detection of an idle line allows the next data byte received 
to cause the receive data register to fill and produce an 
RDRF flag. 

Detection of a received one in the eighth data bit allows an 
RDRF flag and associated error flags. 

Detection of a received one in the ninth data bit allows an 
RDRF flag and associated error flags. 


5.7.3 Serial Communications Control Register 2 (SCCR2) 


i 6 


5 4 3 Z ] 6) 


The serial communications control register 2 (SCCR2) provides the control bits which: individually 
enable/disable the transmitter or receiver, enable the system interrupts, and provide the wake-up 
enable bit and a ‘‘send break code”’ bit. Each of these bits is described below. (The individual flags 
are discussed in the 5.7.4 Serial Communications Status Register.) 


B7, TIE When the transmit interrupt enable bit is set, the SCI interrupt occurs provided 
TDRE is set (see Figure 5-6). When TIE ts clear, the TDRE interrupt is disabled. 
Reset clears the TIE bit. 


B6, TCIE When the transmission complete interrupt enable bit is set, the SCI interrupt 
occurs provided TC is set (see Figure 5-6). When TCIE is clear, the TC interrupt 
is disabled. Reset clears the TCIE bit. 
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Bd, RIE When the receive interrupt enable bit is set, the SCI interrupt occurs provided 
OR is set or RDRF is set (see Figure 5-6). When RIE is clear, the OR and RDRF 
interrupts are disabled. Reset clears the RIE bit. 


B4, ILIE When the idle line interrupt enable bit is set, the SCI interrupt occurs provided 
IDLE is set (see Figure 5-6). When ILIE is clear, the IDLE interrupt is disabled. 
Reset clears the ILIE bit. 


B3, TE When the transmit enable bit is set, the transmit shift register output is applied 
to the TDO line. Depending on the state of contro! bit M in serial communica- 
tions control register 1, a preamble of 10 (M=0) or 11 (M= 1) consecutive ones 
is transmitted when software sets the TE bit from a cleared state. If a transmis- 
sion is in progress, and TE is written to a zero, then the transmitter will wait 
until after the present byte has been transmitted before placing the TDO pin in 
the idle high-impedance state. If the TE bit has been written to a zero and then 
set to a one before the current byte is transmitted, the transmitter will wait until 
that byte is transmitted and will then initiate transmission of a new preamble. 
After the preamble is transmitted, and provided the TDRE bit is set (no new 
data to transmit), the line remains idle (driven high while TE=1); otherwise, 
normal transmission occurs. This function allows the user to ‘‘neatly’’ ter- 
minate a transmission sequence. After loading the last byte in the serial com- 
munications data register and receiving the interrupt from TDRE, indicating the 
data has been transferred into the shift register, the user should clear TE. The 
last byte will then be transmitted and the line will go idle (high impedance). 
Reset clears the TE bit. 


B2, RE When the receive enable bit is set, the receiver is enabled. When RE is clear, 
the receiver is disabled and all of the status bits associated with the receiver 
(RDRF, IDLE, OR, NF, and FE) are inhibited. Reset clears the RE bit. 


Bi, RWU When the receiver wake-up bit is set, it enables the ‘‘wake up’”’ function. The 
type of ‘‘wake up’’ mode for the receiver is determined by the WAKE bit 
discussed above (in the SCCR1). When the RWU bit is set, no status flags will 
be set. Flags which were set previously will not be cleared when RWU is set. If 
the WAKE bit is cleared, RWU is cleared after receiving 10 (M=0) or 11 (M= 1) 
consecutive ones. Under these conditions, RWU cannot be set if the line is 
idle. If the WAKE bit is set, RWU is cleared after receiving an address bit. The 
RDRF flag will then be set and the address byte will be stored in the receiver 
data register. Reset clears the RWU bit. 


BO, SBK When the send break bit is set the transmitter sends zeros in some number 
equal to a multiple of the data format bits. If the SBK bit is toggled set and 
clear, the transmitter sends 10 (M=0) or 11 (M=1) zeros and then reverts to 
idle or sending data. The actual number of zeros sent when SBK is toggled 
depends on the data format set by the M bit in the serial communications con- 
trol register 1; therefore, the break code will be synchronous with respect to 
the data stream. At the completion of the break code, the transmitter sends at 
least one high bit to guarantee recognition of a valid start bit. Reset clears the 
SBK bit. 
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The serial communications status register (SCSR) provides inputs to the interrupt logic circuits for 
generation of the SCI system interrupt. In addition, a noise flag bit and a framing error bit are also 
contained in the SCSR. 


B7, TDRE The transmit data register empty bit is set to indicate that the contents of the 
serial Communications data register have been transferred to the transmit Serial 
shift register. If the TDRE bit is clear, it indicates that the transfer has not yet 
occurred and a write to the serial communications data register will overwrite 
the previous value. The TDRE bit is cleared by accessing the serial communica- 
tions status register (with TDRE set), followed by writing to the serial com- 
munications data register. Data can not be transmitted unless the serial com- 
munications status register is accessed before writing to the serial communica- 
tions data register to clear the TDRE flag bit. Reset sets the TDRE bit. 


B6, TC The transmit complete bit is set at the end of a data frame, preamble, or break 
condition if: 
1. TE=1, TDRE=1, and no pending data, preamble, or break is to be 
transmitted; or | 
2. TE=0, and the data, preamble, or break (in the transmit shift register) 
has been transmitted. 


The TC bit is a status flag which indicates that one of the above conditions has 
occurred. The TC bit is cleared by accessing the serial communications status 
register (with TC set), followed by writing to the serial communications data 
register. It does not inhibit the transmitter function in any way. Reset sets the 
TC bit. 


B5, RORF When the receive data register full bit is set, it indicates that the receiver serial 
shift register is transferred to the serial communications data register. If multi- 
ple errors are detected in any one received word, the NF, FE, and RDRF bits 
will be affected as appropriate during the same clock cycle. The RDRF bit is 
cleared when the serial communications status register is accessed (with RDRF 
set) followed by a read of the serial communications data register. Reset clears 
the RDRF bit. 


B4, IDLE When the idle line detect bit is set, it indicates that a receiver idle line is 
detected (receipt of a minimum number of ones to constitute the number of 
bits in the byte format). The minimum number of ones needed will be 10 
(M=0) or 11 (M=1). This allows a receiver that is not in the wake-up mode to 
detect the end of a message, detect the preamble of a new message, or to 
resynchronize with the transmitter. The IDLE bit is cleared by accessing the 
serial Communications status register (with IDLE set) followed by a read of the 
serial Communications data register. The IDLE bit will not be set again until 
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after an RDRF has been set; i.e., a new idle line occurs. The IDLE bit is not set 
by an idle line when the receiver ‘‘wakes up’’ from the wake-up mode. Reset 
clears the IDLE bit. 


B3, OR When the overrun error bit is set, it indicates that the next byte is ready to be 
transferred from the receive shift register to the serial communications data 
register when it is already full (RDRF bit is set). Data transfer is then inhibited 
until the RDRF bit is cleared. Data in the serial communications data register is 
valid in this case, but additional data received during an overrun condition (in- 
cluding the byte causing the overrun) will be lost. The OR bit is cleared when 
the serial communications status register is accessed (with OR set), followed 
by a read of the serial communications data register. Reset clears the OR bit. 


B2, NF The noise flag bit is set if there is noise on a ‘‘valid’’ start bit or if there is noise 
on any of the data bits or if there is noise on the stop bit. It is not set by noise 
on the idle line nor by invalid (false) start bits. If there is noise, the NF bit is not 
set until the RDRF flag is set. Each data bit is sampled three times as described 
above in RECEIVE DATA IN and shown in Figure 5-3. The NF bit represents the 
Status of the byte in the serial communications data register. For the byte being 
received (shifted in) there will also be a ‘‘working’”’ noise flag the value of which 
will be transferred to the NF bit when the serial data is loaded into the serial 
communications data register. The NF bit does not generate an interrupt 
because the RDRF bit gets set with NF and can be used to generate the inter- 
rupt. The NF bit is cleared when the serial communications status register is ac- 
cessed (with NF set), followed by a read of the serial communications data 
register. Reset clears the NF bit. 


B1, FE The framing error bit is set when the byte boundaries in the bit stream are not 
synchronized with the receiver bit counter (generated by a ‘‘lost’’ stop bit). The 
byte is transferred to the serial communications data register and the RDRF bit 
is set. The FE bit does not generate an interrupt because the RDRF bit is set at 
the same time as FE and can be used to generate the interrupt. Note that if the 
byte received causes a framing error and it will also cause an overrun if transfer- 
red to the serial communications data register, then the overrun bit will be set, 
but not the framing error bit, and the byte will not be transferred to the serial 
communications data register. The FE bit is cleared when the serial com- 
munications status register is accessed (with FE set) followed by a read of the 
serial communications data register. Reset clears the FE bit. 


5.7.5 Baud Rate Register 


7 6 5 4 3 2 i ) 


The baud rate register provides the means for selecting different baud rates which may be used as 
the rate control for the transmitter and receiver. The SCPO-SCP1 bits function as a prescaler for the 
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SCRO-SCR2 bits. Together, these five bits provide multiple, baud rate combinations for a given 
crystal frequency. 


B5, SCP These two bits in the baud rate register are used as a prescaler to increase the 

B4, SCPO range of standard baud rates controlled by the SCRO-SCR2 bits. A table of the 
prescaler internal processor clock division versus bit levels is provided below. 
Reset clears SCP1-SCPO bits (divide-by-one). 


Internal Processor 
SCP1/} SCPO Clock Divide By 


0 0 ] 

0 ] 

1 0 

] ] 
B2, oCR2 These three bits in the baud rate register are used to select the baud rates of 
B1, SCR1 both the transmitter and receiver. A table of baud rates versus bit levels is 


BO, SCRO shown below. Reset does not affect the SCR2-SCRO bits. 


SCR2 | SCR1 | SCRO 


Prescaler Output 
Divide By 


=== -=—-O000 


0 
0 
1 
1 
0 
0 
1 
] 


The diagram of Figure 5-7 and Tables 5-1 and 5-2 illustrate the divided chain used to obtain the baud 
rate clock (transmit clock). Note that there is a fixed rate divide-by-16 between the receive clock 
(RT) and the transmit clock (Tx). The actual divider chain is controlled by the combined SCPO-SCP1 
and SCRO-SCR2 bits in the baud rate register as illustrated. All divided frequencies shown in the 
first table represent the final transmit clock (the actual baud rate) resulting from the internal pro- 
cessor clock division shown in the ‘‘divide-by’’ column only (prescaler division only). The second 
table illustrates how the prescaler output can be further divided by action of the SCI select bits 
(SCRO-SCR2). For example, assume that a 9600 Hz baud rate is required with a 2.4576 MHz exter- 
nal crystal. In this case the prescaler bits (SCPO-SCP1) could be configured as a divide-by-one or a 
divide-by-four. If a divide-by-four prescaler is used, then the SCRO-SCR2 bits must be configured 
as a divide-by-two. This results in a divide-by-128 of the internal processor clock to produce a 9600 
Hz baud rate clock. Using the same crystal, the 9600 baud rate can be obtained with a prescaler 
divide-by-one and the SCRO-SCR2 bits configured for a divide-by-eight. 


NOTE 
The crystal frequency is internally divided-by-two to generate the internal processor 
clock. | : 
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Figure 5-7. Rate Generator Division 


Table 5-1. Prescaler Highest Baud Rate Frequency Output 


ana 
TTT -0-] ivided ay [—atomoe [40+ 2a «| =O SCd?Cti‘i RC 
131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 
43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz 


* The clock in the ‘Clock Divided By’’ column is the internal processor clock. 


NOTE: The divided frequencies shown in Table 5-1 represent baud rates which are the highest trarismit baud rate (Tx) that can be ob- 
tained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing a 
further division using the SCI rate select bits as shown below for some representative prescaler outputs. 


Table 5-2. Transmit Baud Rate Output For a Given Prescaler Output 


Representative Highest Prescaler Baud Rate Output 


131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 
65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 
32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 
16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 

8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 
4.096 kHz 1.024 kHz 2400 Hz 600 Hz 
2.048 kHz 512 Hz 1200 Hz 300 Hz 
1.024 kHz 256 Hz 600 Hz 150 Hz 


NOTE: Table 5-2 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud rates 
(transmit clock) and the receiver clock is 16 times higher in frequency than the actual baud rate. 
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SECTION 6 
SERIAL PERIPHERAL INTERFACE (SPI) 


6.1 INTRODUCTION AND FEATURES 


6.1.1 Introduction 


The serial peripheral interface (SPI) is an interface built into the CDP68HCO5C4 MCU which allows 
several CDP68HCO5C4 MCUs, or CDP68HCO5C4 plus peripheral devices, to be interconnected within 
a single ‘‘black box’’ or on the same printed circuit board. In a serial peripheral interface (SPI), 
separate wires (signals) are required for data and clock. In the SPI format, the clock is not included 
in the data stream and must be furnished as a Separate signal. An SPI system may be configured in 
one containing one master MCU and several slave MCUs, or in a system in which an MCU is 
capable of being either a master or a Slave. 


Figure 6-1 illustrates two different system configurations. Figure 6-1a represents a system of five 
different MCUs in which there are one master and four slaves (0, 1, 2, 3). In this system four basic 
lines (signals) are required for the MOSI (master out slave in), MISO (master in slave out), SCK 
(serial clock), and SS (slave select) lines. Figure 6-1b represents a system of five MCUs in which 
three can be master or slave and two are slave only. 


6.1.2 Features 


Full duplex, three-wire synchronous transfers 
Master or slave operation 

1.05 MHz (maximum) master bit frequency 

2.1 MHz (maximum) slave bit frequency 

Four programmable master bit rates 
Programmable clock polarity and phase 

End of transmission interrupt flag 

Write collision flag protection 

Master-Master mode fault protection capability 


6.2 SIGNAL DESCRIPTION 


The four basic signals (MOSI, MISO, SCK, and SS) discussed above are described in the following 
paragraphs. Each signal function is described for both the master and slave mode. 


6.2.1 Master Out Slave In (MOSI) 


The MOSI pin is configured as a data output in a master (mode) device and as a data input in a slave 
(mode) device. In this manner data is transferred serially from a master to a slave on this line; most 
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Figure 6-1. Master-Slave System Configuration 
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significant bit first, least significant bit last. The timing diagrams of Figure 6-2 summarize the SPI 
timing diagram shown in Section 9, and show the relationship between data and clock (SCK). As 
shown in Figure 6-2, four possible timing relationships may be chosen by using control bits CPOL 
and CPHA. The master device always allows data to be applied on the MOSI| line a half-cycle before 
the clock edge (SCK) in order for the slave device to latch the data. 
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NOTE 


Both the slave device(s) and a master device must be programmed to similar timing 
modes for proper data transfer. 


When the master device transmits data to a second (slave) device via the MOSI line, the slave 
device responds by sending data to the master device via the MISO line. This implies full duplex 
transmission with both data out and data in synchronized with the same clock signal (one which is 
provided by the master device). Thus, the byte transmitted is replaced by the byte received and 
eliminates the need for separate transmit-empty and receiver-full status bits. A single status bit 
(SPIF) is used to signify that the I/O operation is complete. 


Configuration of the MOSI pin is a function of the MSTR bit in the serial peripheral control register 


(SPCR, location $0A). When a device is operating as a master, the MOSI pin is an output because 
the program in firmware sets the MSTR bit to a logic one. 


(CPOL =0, CPHA=0) 


(CPOL=0, CPHA = 1) 


(CPOL= 1, CPHA=0) 


(CPOL=1, CPHA=1) 
p, 
MISO/ / 
0/7/74 7 
MSB 6 5 4 3 2 1 LSB 


internal strobe for data capture (all modes) 


Figure 6-2. Data Clock Timing Diagram 
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6.2.2 Master In Slave Out (MISO) 


The MISO pin is configured as an input in a master (mode) device and as an output in a slave 
(mode) device. In this manner data is transferred serially from a slave to a master on this line; most 
significant bit first, least significant bit last. The MISO pin of a slave device is placed in the high- 
impedance state if it is not selected by the master; i.e., its SS pin is a logic one. The timing diagram 
of Figure 6-2 shows the relationship between data and clock (SCK). As shown in Figure 6-2, four 
possible timing relationships may be chosen by using control bits CPOL and CPHA. The master 
device always allows data to be applied on the MOSI line a half-cycle before the clock edge (SCK) in 
order for the slave device to latch the data. 


NOTE 


The slave device(s) and a master device must be programmed to similar timing modes for 
proper data transfer. 


When the master device transmits data to a slave device via the MOSI line, the slave device 
responds by sending data to the master device via the MISO line. This implies full duplex transmis- 
sion with both data out and data in synchronized with the same clock signal (one which Is provided 
by the master device). Thus, the byte transmitted is replaced by the byte received and eliminates the 
need for separate transmit-empty and receiver-full status bits. A single status bit (SPIF) in the serial 
peripheral status register (SPSR, location $OB) is used to signify that the |/O operation is complete. 


In the master device, the MSTR control bit in the serial peripheral control register (SPCR, location 
$0A) is set to a logic one (by the program) to allow the master device to receive data on its MISO 
pin. In the slave device, its MISO pin is enabled by the logic level of the SS pin; i.e., if SS=1 then 
the MISO pin is placed in the high-impedance state, whereas, if SS =0 the MISO pin is an output 
for the slave device. 


6.2.3 Slave Select (SS) 


The slave select (SS) pin is a fixed input (PD5, pin 34), which receives an active low signal that is 
generated by the master device to enable slave device(s) to accept data. To ensure that data will be 
accepted by a slave device, the SS signal line must be a logic low prior to occurrence of SCK 
(system clock) and must remain low until after the last (eighth) SCK cycle. Figure 6-2 illustrates the 
relationship between SCK and the data for two different level combinations of CPHA, when SS is 
pulled low. These are: 1) with CPHA=1 or 0, the first bit of data is applied to the MISO line for 
transfer, and 2) when CPHA=0 the slave device is prevented from writing to its data register. Refer 
to the WCOL status flag in the serial peripheral status register (location $OB) description for further 
information on the effects that the SS input and CPHA control bit have on the I/O data register. A 
high level SS signal forces the MISO (master ‘in slave out) line to the high-impedance state. Also, 
SCK and the MOS! (master out slave in) line are ignored by a slave device when its SS signal is 
high. 


When a device is a master, it constantly monitors its SS signal input for a logic low. The master 
device will become a slave device any time its SS signal input is detected low. This ensures that 
there is only one master controlling the SS line for a particular system. When the SS line is detected 
low, it clears the MSTR control bit (serial peripheral control register, location $OA). Also, control bit 
SPE in the serial peripheral control register is cleared which causes the serial peripheral interface 
(SPI) to be disabled (port-D SPI pins become inputs). The MODF flag bit in the serial peripheral 
status register (location SOB) is also set to indicate to the master device that another device is at- 
tempting to become a master. Two devices attempting to be outputs are normally the result of a 
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software error; however, a system could be configured which would contain a default master which 
would automatically ‘‘take-over’’ and restart the system. 


6.2.4 Serial Clock (SCK) 


The serial clock is used to synchronize the movement of data both in and out of the device through 
its MOSI and MISO pins. The master and slave devices are capable of exchanging a data byte of in- 
formation during a sequence of eight clock pulses. Since the SCK is generated by the master 
device, the SCK line becomes an input on all slave devices and synchronizes slave data transfer. 
The type of clock and its relationship to data are controlled by the CPOL and CPHA bits in the serial 
peripheral control register (location $0A) discussed below. Refer to Figure 6-2 for timing. 


The master device generates the SCK through a circuit driven by the internal processor clock. Two 
bits (SPRO and SPR1) in the serial peripheral control register (location $OA) of the master device 
select the clock rate. The master device uses the SCK to latch incoming slave device data on the 
MISO line and shifts out data to the slave device on the MOSI line. Both master and slave devices 
must be operated in the same timing mode as controlled by the CPOL and CPHA bit in the serial 
peripheral control register. In the slave device, SPRO, SPR1 have no effect on the operation of the 
serial peripheral interface. Timing is shown in Figure 6-2. 


6.3 FUNCTIONAL DESCRIPTION 


A block diagram of the serial peripheral interface (SPI) is shown in Figure 6-3. In a master configura- 
tion, the master start logic receives an input from the CPU (in the form of a write to the SPI rate 
generator) and originates the system clock (SCK) based on the internal processor clock. This clock 
is also used internally to control the state controller as well as the 8-bit shift register. As a master 
device, data is parallel loaded into the 8-bit shift register (from the internal bus) during a write cycle 
and then shifted out serially to the MOSI pin for application to the slave device(s). During a read cy- 
cle, data is applied serially from a slave device via the MISO pin to the 8-bit shift register. After the 
8-bit shift register is loaded, its data is parallel transferred to the read buffer and then is made 
available to the internal data bus during a CPU read cycle. 


In a slave configuration, the slave start logic receives a logic low (from a master device) at the SS 
pin and a system clock input (from the same master device) at the SCK pin. Thus, the slave is syn- 
chronized with the master. Data from the master is received serially at the slave MOSI pin and loads 
the 8-bit shift register. After the 8-bit shift register is loaded, its data is parallel transferred to the 
read buffer and then is made available to the internal data bus during a CPU read cycle. During a 
write cycle, data is parallel loaded into the 8-bit shift register from the internal data bus and then 
shifted out serially to the MISO pin for application to the master device. 


Figure 6-4 illustrates the MOSI, MISO, and SCK master-slave interconnections. Note that in Figure 
6-4 the master SS pin is tied to a logic high and the slave SS pin is a logic low. Figure 6-1 provides a 
larger system connection for these same pins. Note that in Figure 6-1, all SS pins are connected to a 
port pin of a master/slave device. In this case any of the devices can be a slave. 


(See Note) 
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NOTE: The SS, SCK, MOSI, and MISO are external pins which provide the following functions: 
a. MOSI— Provides serial output to slave unit(s) when device is configured as a master. Receives serial input from master unit 


when device is configured as a slave unit. 
b. MISO — Receives serial input from slave unit(s) when device is configured as a master. Provides serial output to master when 


device is configured as a slave unit. 
c. SCK — Provides system clock when device is configured as a master unit. Receives system clock when device is configured as 


a slave unit. 
d.SS  —Provides a logic low to select a slave device for a transfer with a master device. 


Figure 6-3. Serial Peripheral Interface Block Diagram 
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Figure 6-4. Serial Peripheral Interface Master-Slave Interconnection 


6.4 REGISTERS 


There are three registers in the serial parallel interface which provide control, status, and data 
Storage functions. These registers which include the serial peripheral control register (SPCR, loca- 
tion $OA), serial peripheral status register (SPSR, location $OB), and serial peripheral data |!/O 
register (SPDR, location SOC) are described below. 


6.4.1 Serial Peripheral Control Register (SPCR) 


ri 6 5 4 3 2 1 0) 


The serial peripheral control register bits are defined as follows: 


B/7,.oFlE When the Serial peripheral interrupt enable bit is high, it allows the occurrence 
of a processor interrupt, and forces the proper vector to be loaded into the pro- 
gram counter if the serial peripheral status register flag bit (SPIF and/or MODF) 
is set to a logic one. It does not inhibit the setting of a status bit. The SPIE bit is 
cleared by reset. 


BG6,SPE When the serial peripheral output enable control bit is set, all output drive is ap- 
plied to the external pins and the system Is enabled. When the SPE bit is set, it 
enables the SPI system by connecting it to the external pins thus allowing it to 
interface with the external SPI bus. The pins that are defined as output depend 
on which mode (master or slave) the device is in. Because the SPE bit is cleared 
by reset, the SPI system is not connected to the external pins upon reset. 


B4, MSTR The master bit determines whether the device is a master or a slave. If the 
MSTR bit is a logic zero it indicates a slave device and a logic one denotes a 
master device. If the master mode is selected, the function of the SCK pin 
changes from an input to an output and the function of the MISO and MOS| 
pins are reversed. This allows the user to wire device pins MISO to MISO, and 
MOSI to MOSI, and SCK to SCK without incident. The MSTR bit is cleared by 
reset; therefore, the device is always placed in the slave mode during reset. 
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B3, CPOL The clock polarity bit controls the normal or steady state value of the clock 
when data is not being transferred. The CPOL bit affects both the master and 
slave modes. It must be used in conjunction with the clock phase control bit 
(CPHA) to produce the wanted clock-data relationship between a master and a 
slave device. When the CPOL bit is a logic zero, it produces a steady state low 
value at the SCK pin of the master device. If the CPOL bit is a logic one, a high 
value is produced at the SCK pin of the master device when data is not being 
transferred. The CPOL bit is not affected by reset. Refer to Figure 6-2. 


B2, CPHA The clock phase bit controls the relationship between the data on the MISO 
and MOSI pins and the clock produced or received at the SCK pin. This control 
has effect in both the master and slave modes. It must be used in conjunction 
with the clock polarity control bit (CPOL) to produce the wanted clock-data 
relation. The CPHA bit in general selects the clock edge which captures data 
and allows it to change States. It has its greatest impact on the first bit transmit- 
ted (MSB) in that it does or does not allow a clock transition before the first 
data capture edge. The CPHA bit is not affected by reset. Refer to Figure 6-2. 


B1, SPR1 These two serial peripheral rate bits select one of four baud rates to be used as 

BO, SPRO SCK if the device is a master; however they have no effect in the slave mode. 
The slave device is capable of shifting data in and out at a maximum rate which 
is equal to the CPU clock. A rate table is given below for the generation of the 
SCK from the master. The SPR1 and SPRO bits are not affected by reset. 


Internal Processor 
SPR1 Clock Divide By 


0 0 Z 
0 ] 4 
] Q 16 
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6.4.2 Serial Peripheral Status Register (SPSR) 
7 6 5 4 3 2 1 0 
The status flags which generate a serial peripheral interface (SPI) interrupt may be blocked by the 


SPIE control bit in the serial peripheral control register. The WCOL bit does not cause an interrupt. 
The serial peripheral status register bits are defined as follows: 


B7, SPIF The serial peripheral data transfer flag bit notifies the user that a data transfer 
between the device and an external device has been completed. With the com- 
pletion of the data transfer, SPIF is set, and if SPIE is set, a serial peripheral 
interrupt (SPI) is generated. During the clock cycle that SPIF is being set, a 
copy of the received data byte in the shift register is moved to a buffer. When 
the data register is read, it is the buffer that is read. During an overrun condi- 
tion, when the master device has sent several bytes of data and the slave 
device has not responded to the first SPIF, only the first byte sent is contained 
in the receiver buffer and all other bytes are lost. 


164 
CDP68HCO5C4 


The transfer of data is initiated by the master device writing its serial peripheral 
data register. 
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Clearing the SPIF bit is accomplished by a software sequence of accessing the 
serial peripheral status register while SPIF is set and followed by a write to or a 
read of the serial peripheral data register. While SPIF is set, all writes to the 
serial peripheral data register are inhibited until the serial peripheral status 
register is read. This occurs in the master device. In the slave device, SPIF can 
be cleared (using a similar sequence) during a second transmission; however, it 
must be cleared before the second SPIF in order to prevent an overrun condi- 
tion. The SPIF bit is cleared by reset. 


B6, WCOL The function of the write collision status bit is to notify the user that an attempt 
was made to write the serial peripheral data register while a data transfer was 
taking place with an external device. The transfer continues uninterrupted; 
therefore, a write will be unsuccessful. A “‘read collision’’ will never occur since 
the received data byte is placed in a buffer in which access is always syn- 
chronous with the MCU operation. If a ‘‘write collision’’ occurs, WCOL Is set 
but no SPI interrupt is generated. The WCOL bit is a status flag only. 


Clearing the WCOL bit is accomplished by a software sequence of accessing 
the serial peripheral status register while WCOL is set, followed by 1) a read of 
the serial peripheral data register prior to the SPIF bit being set, or 2) a read or 
write of the serial peripheral data register after the SPIF bit is set. A write to the 
serial peripheral data register (SPDR) prior to the SPIF bit being set, will result 
in generation of another WCOL status flag. Both the SPIF and WCOL bits will 
be cleared in the same sequence. If a second transfer has started while trying to 
clear (the previously set) SPIF and WCOL bits with a clearing sequence con- 
taining a write to the serial peripheral data register, only the SPIF bit will be 
cleared. 


A collision of a write to the serial peripheral data register while an external data 
transfer is taking place can occur in both the master mode and the slave mode, 
although with proper programming the master device should have sufficient in- 
formation to preclude this collision. 


Collision in the master device is defined as a write of the serial peripheral data 
register while the internal rate clock (SCK) is in the process of transfer. The 
signal on the SS pin is always high on the master device. 


A collision in a slave device is defined in two separate modes. One problem 
arises in a slave device when the CPHA control bit is a logic zero. When CPHA 
is a logic zero, data is latched with the occurrence of the first clock transition. 
The slave device does not have any way of knowing when that transition will 
occur; therefore, the slave device collision occurs when it attempts to write the 
serial peripheral data register after its SS pin has been pulled low. The SS pin 
of the slave device freezes the data in its serial peripheral data register and does 
not allow it to be altered if the CPHA bit is a logic zero. The master device must 
raise the SS pin of the slave device high between each byte it transfers to the 
slave device. 
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The second collision mode is defined for the state of the CPHA control bit be- 
ing a logic one. With the CPHA bit set, the slave device will be receiving a clock 
(SCK) edge prior to the latch of the first data transfer. This first clock edge will 
freeze the data in the slave device |/O register and allow the msb onto the ex- 
ternal MISO pin of the slave device. The SS pin low state enables the slave 
device but the drive onto the MISO pin does not take place until the first data 
transfer clock edge. The WCOL bit will only be set if the !/O register is access- 
ed while a transfer is taking place. By definition of the second collision mode, a 
master device might hold a slave device SS pin low during a transfer of several 
bytes of data without a problem. 


A special case of WCOL occurs In the slave device. This happens when the 
master device starts a transfer sequence (an edge or SCK for CPHA= 1; or an 
active SS transition for CPHA=0) at the same time the slave device CPU is 
writing to its serial peripheral interface data register. In this case it is assumed 
that the data byte written (in the slave device serial peripheral interface) is lost 
and the contents of the slave device read buffer becomes the byte that is 
transferred. Because the master device receives back the last byte transmitted, 
the master device can detect that a fatal WCOL occurred. 


Since the slave device is operating asynchronously with the master device, the 
WCOL bit may be used as an indicator of a collision occurrence. This helps 
alleviate the user from a Strict real-time programming effort. The WCOL bit is 
cleared by reset. 


The function of the mode fault flag is defined for the master mode (device). If 
the device is a slave device the MODF bit will be prevented from toggling from 
a logic zero to a logic one; however, this does not prevent the device from be- 
ing in the slave mode with the MODF bit set. The MODF bit is normally a logic 
zero and is set only when the master device has its SS pin pulled low. Toggling 
the MODF bit to a logic one affects the internal serial peripheral interface (SPI) 
system in the following ways: 
1. MODF is set and SPI interrupt is generated if SPIE=1. 
2. The SPE bit is forced to a logic zero. This blocks all output drive from 
the device, disables the SPI system. 
3. The MSTR bit is forced to a logic zero, thus forcing the device into the 
slave mode. 


Clearing the MODF is accomplished by a software sequence of accessing the 
serial peripheral status register while MODF is set followed by a write to the 
serial peripheral control register. Control bits SPE and MSTR may be restored 
to their original set state during this clearing sequence or after the MODF bit 
has been cleared. Hardware does not allow the user to set the SPE and MSTR 
bit while MODF is a logic one unless it is during the proper clearing sequence. 
The MODF flag bit indicates that there might have been a multi-master conflict 
for system control and allows a proper exit from system operation to a reset or 
default system state. The MODF bit is cleared by reset. 
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6.4.3 Serial Peripheral Data |/O Register (SPDR) 
7 6 5 4 3 2 1 0 


Serial Peripheral Data I/O Register $0C 


The serial peripheral data |/O register is used to transmit and receive data on the serial bus. Only a 
write to this register will initiate transmission/reception of another byte and this will only occur in 
the master device. A slave device writing to its data |/O register will not initiate a transmission. At 
the completion of transmitting a byte of data, the SPIF status bit is set in both the master and slave 
devices. A write or read of the serial peripheral data I/O register, after accessing the serial peripheral 
Status register with SPIF set, will clear SPIF. 


During the clock cycle that the SPIF bit is being set, a copy of the received data byte in the shift 
register is being moved to a buffer. When the user reads the serial peripheral data |/O register, the 
buffer is actually being read. During an overrun condition, when the master device has sent several 
bytes of data and the slave device has not internally responded to clear the first SPIF, only the first 
byte is contained in the receive buffer of the slave device; all others are lost. The.user may read the 
buffer at any time. The first SPIF must be cleared by the time a second transfer of data from the 
shift register to the read buffer is initiated or an overrun condition will exist. 


A write to the serial peripheral data |/O register is not buffered and places data directly into the shift 
register for transmission. 


The ability to access the serial peripheral data |/O register is limited when a transmission is taking 
place. It is important to read the discussion defining the WCOL and SPIF status bits to understand 
the limits on using the serial peripheral data |/O register. 


6.5 SERIAL PERIPHERAL INTERFACE (SPI) SYSTEM CONSIDERATIONS 


There are two types of SPI systems; single master system and multi-master systems. Figure 6-1 
illustrates both of these systems and a discussion of each is provided below. 


Figure 6-1a illustrates how a typical single master system may be configured, using an CDP6805 
HCMOS family device as the master and four CDP6805 HCMOS family devices as slaves. As shown, 
the MOSI, MISO, and SCK pins are all wired to equivalent pins on each of the five devices. The 
master device generates the SCK clock, the slave devices all receive it. Since the CDP6805 HCMOS 
master device is the bus master, it internally controls the function of its MOSI and MISO lines, thus 
writing data to the slave devices‘on the MOSI and reading data from the slave devices on the MISO 
lines. The master device selects the individual slave devices by using four pins of a parallel port to 
control the four SS pins of the slave devices. A slave device is selected when the master device 
pulls its SS pin low. The SS pins are pulled high during reset since the master device ports will be 
forced to be inputs at that time, thus disabling the slave devices. Note that the slave devices do not 
have to be enabled in a mutually exclusive fashion except to prevent bus contention on the MISO 
line. For example, three slave devices, enabled for a transfer, are permissible if only one has the 
capability of being read by the master. An example of this is a write to Several display drivers to clear 
a display with a single I/O operation. To ensure that proper data transmission is occurring between 
the master device and a slave device, the master device may have the slave device respond with a 
previously received data byte (this data byte could be inverted or at least be a byte that is different 
from the last one sent by the master device). The master device will always receive the previous 
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byte back from the slave device if all MISO and MOSI lines are connected and the slave has not 
written its data |/O register. Other transmission security methods might be defined using ports for 
handshake lines or data bytes with command fields. 


A multi-master system may also be configured by the user. A system of this type is shown in Figure 
6-1b. An exchange of master control could be implemented using a handshake method through the 
|/O ports or by an exchange of code messages through the serial peripheral interface system. The 
major device control that plays a part in this system is the MSTR bit in the serial peripheral control 
register and the MODF bit in the serial peripheral status register. 
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SECTION 7 
EFFECTS OF STOP AND WAIT MODES ON THE 
TIMER AND SERIAL SYSTEMS 


7.1 INTRODUCTION 


The STOP and WAIT instructions have different effects on the programmable timer, serial com- 
munications interface (SCI), and serial peripheral interface (SPI) systems. These different effects 
are discussed separately below. 


7.2 STOP MODE 


When the processor executes the STOP instruction, the internal oscillator is turned off. This halts 
all internal CPU processing including the operation of the programmable timer, serial communica- 
tions interface, and serial peripheral interface. The only way for the MCU to “‘wake up” from the 
stop mode is by receipt of an external interrupt (logic low on IRQ pin) or by the detection of a reset 
(logic low on RESET pin or a power-on reset). The effects of the stop mode on each of the MCU 
systems (Timer, SCI, and SPI) are described separately. 


7.2.1 Timer During Stop Mode 


When the MCU enters the stop mode, the timer counter stops counting (the internal processor 
clock is stopped) and remains at that particular count value until the stop mode is exited by an inter- 
rupt (if exited by reset the counter is forced to $FFFC). If the stop mode is exited by an external low 
on the IRQ pin, then the counter resumes from its stopped value as if nothing had happened. 
Another feature of the programmable timer, in the stop mode, is that if at least one valid input cap- 
ture edge occurs at the TCAP pin, the input capture detect circuitry is armed. This action does not 
set any timer flags or ‘wake up” the MCU, but when the MCU does “wake up’ there will be an ac- 
tive input capture flag (and data) from that first valid edge which occurred during the stop mode. If 
the stop mode is exited by an external reset (logic low on RESET pin), then no such input capture 
flag or data action takes place even if there was a valid input capture edge (at the TCAP pin) during 
the MCU stop mode. 


7.2.2 SCI During Stop Mode 


When the MCU enters the stop mode, the baud rate generator which drives the receiver and 
transmitter is shut down. This essentially stops all SCI activity. The receiver is unable to receive and 
transmitter is unable to transmit. If the STOP instruction is executed during a transmitter transfer, 
that transfer is halted. When the stop mode is exited, that particular transmission resumes (if the 
exit is the result of a low input to the IRQ pin). Since the previous transmission resumes after an IRO 
interrupt stop mode exit, the user Should ensure that the SCI transmitter is in the idle state when the 
STOP instruction is executed. If the receiver is receiving data when the STOP instruction is 
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executed, received data sampling is stopped (baud rate generator stops) and the rest of the data is 
lost. For the above reasons, all SCI transactions should be in the idle state when the STOP instruc- 
tion is executed. 


7.2.3 SPI During Stop Mode 


When the MCU enters the stop mode, the baud rate generator which drives the SPI shuts down. 
This essentially stops all master mode SPI operation, thus the master SPI is unable to transmit or 
receive any data. If the STOP instruction is executed during an SPI transfer, that transfer is halted 
until the MCU exits the stop mode (provided it is an exit resulting from a logic low on the IRO pin). If 
the stop mode is exited by a reset, then the appropriate control/status bits are cleared and the SPI is 
disabled. If the device is in the slave mode when the STOP instruction is executed, the slave SPI will 
still operate. It can still accept data and clock information in addition to transmitting its own data 
back to a master device. 


At the end of a possible transmission with a slave SPI in the stop mode, no flags are set until a logic 
low IRQ input results in an MCU ‘‘wake up’’. Caution should be observed when operating the SPI 
(as a slave) during the stop mode because none of the protection circuitry (write collision, mode 
fault, etc.) is active. 


It should also be noted that when the MCU enters the stop mode all enabled output drivers (TDO, 
TCMP, MISO, MOSI, and SCK ports) remain active and any sourcing currents from these outputs 
will be part of the total supply current required by the device. 


7.3 WAIT MODE 


When the MCU enters the wait mode, the CPU clock is halted. All CPU action is suspended; 
however, the timer, SCl, and SPI systems remain active. In fact an interrupt from the timer, SCI, or 
SPI (in addition to a logic low on the {RQ or RESET pins) causes the processor to exit the wait 
mode. Since the three systems mentioned above operate as they do in the normal mode, only a 
general discussion of the wait mode is provided below. 


The wait mode power consumption depends on how many systems are active. The power con- 
sumption will be highest when all the systems (timer, TCMP, SCI, and SPI) are active. The power 
consumption will be the least when the SCI and SPI systems are disabled (timer operation cannot 
be disabled in the wait mode). If a non-reset exit from the wait mode is performed (i.e., timer 
overflow interrupt exit), the state of the remaining systems will be unchanged. If a reset exit from 
the wait mode is performed all the systems revert to the disabled reset state. 
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SECTION 8 
INSTRUCTION SET AND ADDRESSING MODES 


8.1 INSTRUCTION SET 


The MCU has a set of 62 basic instructions. They can be divided into five different types: register/ 
memory, read-modify-write, branch, bit manipulation, and control. The following paragraphs 
briefly explain each type. All the instructions within a given type are presented in individual tables. 


All of the instructions used in the CDP6805 CMOS Family are used in the CDP68HCO5C4 MCU, plus 
an additional one; the multiply (MUL) instruction. This instruction allows for unsigned multiplica- 
tion of the contents of the accumulator (A) and the index register (X). The high order product is 
then stored in the index register and the low order product is stored in the accumulator. A detailed 
definition of the MUL instruction is shown below. 


Operation: xX: A= X*A 
Description: Multiplies the eight bits in the index register by the eight bits in the accumulator 
to obtain a 16-bit unsigned number in the concatenated accumulator and index 


register. 
Condition 
Codes: H: Cleared 
|: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 
Source 
Form(s): MUL | 
Addressing Mode Cycles Bytes Opcode 
Inherent 11 1 $42 


8.1.1 Register/Memory Instructions 


Most of these instructions use two operands. The first operand is either the accumulator or the in- 

dex register. The second operand is obtained from memory using one of the addressing modes. The 

operand for the jump unconditional (JMP) and jump to subroutine (JSR) instructions is the pro- 
_ gram counter. Refer to Table 8-1. 


8.1.2 Read-Modify-Write Instructions 


These instructions read a memory location or a register, modify or test its contents, and write the 
modified value back to memory or to the register. The test for negative or zero (TST) instruction is 
an exception to the read-modify-write sequence since it does not modify the value. Refer to Table 
8-2. 


Function 
Load A from Memory 
Load X from Memory 
Store A in Memory 
Store X in Memory 
Add Memory to A 
Add Memory and 
Carry to A 

Subtract Memory 


Subtract Memory from 
A_with Borrow 


AND Memory to A 

OR Memory with A 

Exclusive OR Memory 
with A 

Arithmetic Compare A 
with Memory 


Arithmetic Compare X 
with Memor 


Bit Test Memory with 
A (Logical Compare) 


Jump Unconditional 


Jump to Subroutine 


Table 8-1. Register/Memory Instructions 


Addressing Modes 


; : Indexed Indexed Indexed 
: minecete us pelea (No Offset) (8-Bit Offset) (16-Bit Offset) 

Op # # Op id f Op # k Op t # Op t # Op # 
Mnem.| Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code Cycles 
[ua{ ae | 2 | 2 | 66 | 2 ce a 
(DK 
stay - | —_| a (a 
sm] =| Hl 
ADD i a 
wef [2 | fol Pea [sl 
ry 
CPX 2 
sme | - | - | - 2 
Shee | es eee 
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Table 8-2. Read-Modify-Write Instructions 


Addressing Modes 


: Indexed indexed 
eee (A) Z Inherent (X) Direct (No Offset) (8-Bit Offset) 
Op t | Op t |, ¢ t Op ¢ t Op ft t 
Mnemonic Cycles Code Bytes | Cycles Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles 
INC ee oe Oe a ee oe ne Se 
—- 
Complement COM 43 1 3 53 1 3 33 2 5 1 5 63 
foes te 
Negale NEG 40 3 50 3 30 2 5 70 5 60 2 6 
(2's Complement) 
sl ae ee Ls a 
+ aes | = —t 
LSL 48 ae oe 3 [se 2 5 | 6 | 
ae wad ee t | 
LSR 44 oe le poe i ee ee 2 = | 6 
4 1 7 1 7 
ASR 7 | 3 J oe =e 2 | 8 t io Nh. ale 8 ae ae ee ee 
u = : se RO ae eee oe le ie ee ec a ee ee ee 


oLb 
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8.1.3 Branch Instructions 


Most branch instructions test the state of the condition code register and if certain criteria are met, 
a branch is executed. This adds an offset between — 127 and + 128 to the current program counter. 
Refer to Table 8-3. 


Table 8-3. Branch Instructions 


Relative Addressing Mode 


Branch \FF Carry Set 25 2 
2 
Branch IFF Not Equal 26 
Branch IFF Equal 27 3 
Branch IFF Half Carry Clear - Z 
Branch IFF Half Carry Set 
Branch IFF Plus BPL 
Branch IFF Minus 2 
Branch IFF Interrupt Mask Bit 1s Clear BMC 2 3 
BIL 
Branch IFF Interrupt Line ts High BIH 

Branch to Subroutine BSR 2 


8.1.4 Bit Manipulation Instructions 


The MCU is capable of setting or clearing any bit which resides in the first 256 bytes of the memory 
space except for ROM, port D data location ($03), serial peripheral status register (SOB), serial com- 
munications status register ($10), timer status register ($13), and timer input capture register 
($14-$15). All port registers, port DDRs, timer, two serial systems, on-chip RAM, and 48 bytes of 
ROM reside in the first 256 bytes (page zero). An additional feature allows the software to test and 
branch on the state of any bit within the first 256 locations. The bit set, bit clear, and bit test and 
branch functions are all implemented with a single instruction. For the test and branch instructions, 
the value of the bit tested is automatically placed in the carry bit of the condition code register. 
Refer to Table 8-4. 


Table 8-4. Bit Manipulation Instructions 


Addressing Modes 
Fanos Bit Set/ Clear Bit Test and Branch 


Op # # Op # # 
Code Bytes Cycles Code Bytes Cycles 


Function 


[Branch FF Bie Set [eASeTam=o0m] - | - | - | 
FBranch FF Bitnis Clear_| BRCLAninzo.7)] - | - | _ 
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8.1.5 Control Instructions 


These instructions are register reference instructions and are used to control processor operation 
during program execution. Refer to Table 8-5. 


Table 8-5. Control Instructions 


Mnemonic | cete_| eyes | Cyn 
Code Bytes Cycles 
TransterAtox | tax | 97 | 1 | 2 | 
SetCenyen «| sec. | | 7 | 2 | 
ac | | 1 | 2 | 
[Set interrupt Mask en | ser | 98 | 1 | 2 
[Software interrupt | Swi | 6 | 1 | 10 
[Return from Subroutine | ATS | ei | 1 | 6 | 
r’__| 9 | 1 | 9 | 

xf 1 | 2 

ae ee ea 

ae See sO a a 
Wait 


8.1.6 Alphabetical Listing 


The complete instruction set is given in alphabetical order in Table 8-6. 


8.1.7 Opcode Map 


Table 8-7 is an opcode map for the instructions used on the MCU. 


8.2 ADDRESSING MODES 


The MCU uses ten different addressing modes to provide the programmer with an opportunity to 
optimize the code to all situations. The various indexed addressing modes make it possible to locate 
data tables, code conversion tables, and scaling tables anywhere in the memory space. Short 
indexed accesses are single byte instructions, while the longest instructions (three bytes) permit ac- 
cessing tables throughout memory. Short absolute (direct) and long absolute (extended) address- 
ing are also included. One and two byte direct addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instructions to reach all memory. Table 8-7 shows 
the addressing modes for each instruction, with the effects each instruction has on the condition 
code register. 


The term “effective address’’ (EA) is used in describing the various addressing modes, and is 
defined as the byte address to or from which the argument for an instruction is fetched or stored. 
The ten addressing modes of the processor are described below. Parentheses are used to indicate 
‘contents of’ the location or register referred to; e.g., (PC) indicates the contents of the location 
pointed to by the PC. An arrow indicates “‘is replaced by’’, and a colon indicates concatenation of 
two bytes. 
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fe fete BE SSS S050 55S 956560505522 555552 
Se EEELdebelsbilseeletlleblelsb peepee rth 
5[_= |<kl<[=[-[e]e|o[ele[ele|e (ee <[0/o[e|e/ee[e/e/e e/e/ee/e//o]= 
§[— lel feielelelefejeleleo[e[s/elelele lel elelelemletcls 


‘scm te ti HN 
ilies 
| 


ale 


ee 
= § 


x 


: 


Indexed Indexed | Indexed 
(No Offset) | (8 Bits) | (16 Bits) 


Table 8-6. Instruction Set 
Addressing Modes 


x 


pees 


x 
os 
he ne Sl 
——~ 
— 
fist ee el 
ee eet ll 
el 
aaa 
Pe eae atl 

x 


X 
X 
x 
x 


TT ill ine 


POD (oes ees 
BCS 
BHCC 
BMI 
BNE 
BPL 
BRA 
BRN 
BRSET 
CLC 
Cli 
CLR 
CMP 


176 
CDP68HCO5C4 


CMOS Microprocessors, Memories and Peripherals 


igecegodgsae0sacdaas0s00s0 7002 


* |< | >< | >< |>«K | >< | >< *« [>< | >< 
| 


x 
Test and Set if True Cleared Otherwise 


Load CC Register From Stack 


Cleared 
Set 


Not Affected 


Xx 
ee 
ee ee 
x 
== aaa 
ee eee 
ae Geer PS 
et ae 
A 
e 
? 
0 
] 


Half Carry (From Bit 3) 


Interrupt Mask 
Negate (Sign Bit) 


Carry/ Borrow 


beeerer et 
ee oes 
Pa toed 
Condition Code Symbols 
H 
| 
N 
Z Zero 
C 


Table 8-7. CDP68HCO5C4 HCMOS Instruction Set Opcode Map 


Tr 


Read/Modity/Write _ es Control | Register / Memory 
DIR INH INH 1x1 Ix INH INH 
ge Pet + 


[Beene | a): 
7 8 g A B C 
0101 0110 oi 1000 1001 | 1010 1011 1100 ior alate tee coe 
2 , ] 
Be a | v 


a 
Dis 
3 
a 
> 


PBSC 


OOOO 
BRCLRO BCLRO” 
alee BseT! 
BRCLRI BCLAI 
BRSET? BETZ” 


3 3 6 
NEG NEG NEG NEG NEG 
DIR | 1 INH INH | 2 1X1 


2) 
2) 
= 
“Oo 
.e) 
= 
z> 
2) 
2) 
= 
~~ 
fo) 
O 
< 
a) 
O 
= 


D Hi INH | 2 1X] 1 


3 6 
“USRA” LSRX LSR LSR 
INH 1 INA | 2 1x1 1 
| 
zt éf 
BRSET3 BSET3. BORA RORX ROR 1 ROR 
MH 1 IN x1 fd 
BRCLAS BCLA3. 
aii 
5 3 3 6 
BRSETA BSETA” BHCC | LSL LSLX LSL LSL 
DIR | 1 INH j 1 INH ix} es 
5 3 3 é 
BRCLAS BCLRA BHCS ROL ROLX ROL | ROL 
DIR {1 INH {1 Ne 2 mr tt 
5 3 . 
BRSETS. BSETS 
BRCLAS BCLAS” BMi 
3 6 
BRSETS | BSETS BMC | INC |- INCA INCX INC | INC 
ie DIR | 1 INH {| 1 ING | 2 1X y) ‘ 
4 3 i 
BRCLRE BCLAE” 3 
BRSET?, BseT7” 
3 
BRCLAT. ,BCLRT ene CLRX CLR | CLR 
a BTB BSC INH I Nn | 2 Ix! 1 


vy 
wo on» 


saosate ty 


Po] 

oO 

pe) 
2 
nD 


= 
ae 


SIBINAWODOISIW Pue SIOSS9D0IdOIDIW S3119S-S089 


Ps] 
~ 
— 
”n 
— 
LY 
D 
—_ 
n 
4 
5> 
Ir 
4 
Nn 
4 
5x 
w T ow 
KO 
4 
YN 
—4 
* 
roa) - wWa- 
~ 
” 
-4 


Abbreviations for Address Modes 

INH Inherent 

A Accumulator Opcode in Hexadecimal 

x index Register Oo 

IMM immediat aa 

DIR Boas si Mnemonic Opcode in Binary oO 

EXT Extended Bytes a. 

REL Relative ny 

BSC Bit Set/ Clear Cycles Address Mode +r 

BTB Bit Test and Branch 5 

Ix indexed (No Offset) 

x1 indexed, 1 Byte (8-Bit) Offset ‘e) 

IX2 Indexed, 2 Byte (16-Bit) Offset Gi 
©) 
BA 


ZLi 
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8.2.1 Inherent 


In inherent instructions, all the information necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or accumulator, and no other arguments, are 
included in this mode. 


8.2.2 Immediate 


In immediate addressing, the operand is contained in the byte immediately following the opcode. 
Immediate addressing is used to access constants which do not change during program execution 
(e.g., a constant used to initialize a loop counter). 

EA=PC+1; PG+PC+2 


8.2.3 Direct 


In the direct addressing mode, the effective address of the argument is contained in a single byte 
following the opcode byte. Direct addressing allows the user to directly address the lowest 256 
bytes in memory with a single two byte instruction. This includes all on-chip RAM and |/O registers, 
and 128 bytes of on-chip ROM. Direct addressing is efficient in both memory and time. 
EA=(PC+1); PCPC +2 
Address Bus High+0; Address Bus Low-(PC + 1) 


8.2.4 Extended 


In the extended addressing mode, the effective address of the argument is contained in the two 
bytes following the opcode. Instructions with extended addressing modes are capable of referenc- 
ing arguments anywhere in memory with a single three-byte instruction. 


EA=(PC+1):(PC +2); PC+PC+3 
Address Bus High+(PC+ 1); Address Bus Low (PC + 2) 


8.2.5 Indexed, No Offset 


In the indexed, no offset addressing mode, the effective address of the argument is contained in the 
8-bit index register. Thus, this addressing mode can access the first 256 memory locations. These 
instructions are only one byte long. This mode is used to move a pointer through a table or to 
address a frequently referenced RAM or I/O location. 
EA=X; PC+PC+1 
Address Bus High+-0; Address Bus Low+ X 


8.2.6 Indexed, 8-Bit Offset 


Here the EA is obtained by adding the contents of the byte following the opcode to that of the index 
register; therefore, the operand is located anywhere within the lowest 511 memory locations. For 
example, this mode of addressing is useful for selecting the mth element in an element table. All in- 
Structions are two bytes. The content of the index register (X) is not changed. The content of 
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(PC + 1) is an unsigned 8-bit integer. One byte offset indexing permits look-up tables to be easily ac- 
cessed in either RAM or ROM. 
EA=X+(PC+1); PC+PC+2 
Address Bus HighK; Address Bus Low X + (PC + 1) 
where: 
K = The carry from the addition of X+(PC+ 1) 


8.2.7 Indexed, 16-Bit Offset 


In the indexed, 16-bit offset addressing mode, the effective address is the sum of the contents of 
the unsigned 8-bit index register and the two unsigned bytes following the opcode. This addressing 
mode can be used in a manner similar to indexed 8-bit offset, except that this three byte instruction 
allows tables to be anywhere in memory (e.g., jump tables in ROM). The content of the index register is 
not changed. 


EA=X+4+{(PC+1):(PC+2))]; PC+PC+3 
Address Bus High(PC+ 1)+K; 
Address Bus Low X + (PC + 2) 
where: 
K = The carry from the addition of X+ (PC + 2) 


8.2.8 Relative 


Relative addressing is only used in branch instructions. In relative addressing, the content of the 
8-bit signed byte following the opcode (the offset) is added to the PC if and only if the branch condi- 
tion is true. Otherwise, control proceeds to the next instruction. The span of relative addressing is 
limited to the range of —126 to +129 bytes from the branch instruction opcode location. 


EA=PC+2+4+(PC+1); PC+EA if branch taken; 
otherwise, EA= PC+-PC+2 


8.2.9 Bit Set/Clear 


Direct addressing and bit addressing are combined in instructions which set and clear individual 
memory and I/O bits. In the bit set and clear instructions, the byte is specified as a direct address In 
the location following the opcode. The first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified in the first three bits of the opcode. The bit set and clear in- 
structions occupy two bytes, one for the opcode (including the bit number) and the other to ad- 
dress the byte which contains the bit of interest. 
EA=(PC+1); PC+PC+2 
Address Bus High-0; Address Bus Low(PC + 1) 


8.2.10 Bit Test and Branch 


Bit test and branch is a combination of direct addressing, bit set/clear addressing, and relative 
addressing. The actual bit to be tested, within the byte, is specified within the low order nibble of 
the opcode. The address of the data byte to be tested is located via a direct address in the location 
following the opcode byte (EA1). The signed relative 8-bit offset is in the third byte (EA2) and is 
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added to the PC if the specified bit is set or cleared in the specified memory location. This single 
three byte instruction allows the program to branch based on the condition of any bit in the first 256 
locations of memory. 
EA1=(PC+ 1) 
Address Bus High«-0; Address Bus Low (PC + 1) 
EA2=PC+3+(PC+2); PC«EA2 if branch taken; 
otherwise, PC#-PC+3 
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SECTION 9 


ELECTRICAL SPECIFICATIONS 


9.1 INTRODUCTION 


CDP68HCO5C4 


This section contains the electrical specifications and associated timing information for the 


CDP68HCO5C4. 


9.2 MAXIMUM RATINGS (Voltages Referenced to VsSs) 


[Current Drain Par Pin Excluding VoD andVeg]_ 1 [| mA 
Operating Temperature Range 


Storage Temperature Range —65 to + 150 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages of elec- 
tric fields, however, it is advised 
that normal precautions be taken 
to avoid application of any voltage 
higher than maximum rated 
voltages to this high impedance 
circuit For proper operation it 1S 
recommended that Vin and Vout 
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be constrained to the range Vs s 
(Vin Or Vout! SVpp Reliability of 
operation is enhanced if unused 1n- 
puts except OSC2 are connected 
to an appropriate logic voltage 
level (e.g., either Vss or Vpp) 


9.3 THERMAL CHARACTERISTICS 


OSA 50 
100 
100 


Characteristics 


Thermal Resistance 
Ceramic 
Plastic 
Chip Carrier 


Vop =4.5 V 
PF Pins | RT | R2 
PAO-PA7, | 3.26k2 | 2.38 kQ | 50 pF VoD 
PBO-PB7, 
PCO-PC7, 
PD6 R2 
Test 
Point 
Vop = 3.0 V R1 
[Pins | Ri om eae 
PAO-PA7, Table) 


PBO-PB/7, 
PCO-PC7, 


10.91 kQ} 6.32 kQ | 50 pF 
PD6 


Figure 9-1. Equivalent Test Load 
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9.4 POWER CONSIDERATIONS 


The average chip-junction temperature, Tj, in °C can be obtained from: 
TJ=TA+(PDe@ JA) (1) 
Where: 

TA=Ambient Temperature, °C 
6j)A = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD=PINT+PI/O 
PINT=Icc x Vcc, Watts — Chip Internal Power 
P|/O = Power Dissipation on Input and Output Pins — User Determined 

For most applications P}/Q<P|NT and can be neglected. 
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An approximate relationship between Pp and Ty (if Pj/O is neglected) is: 


Pp=K=+(Ty+273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(TA + 273°C) + O6jaePp2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by 
measuring PD (at equilibrium) for a known TA. Using this value of K the values of Pp and Ty can be 
obtained by solving equations (1) and (2) iteratively for any value of TA. 


9.5 DC ELECTRICAL CHARACTERISTICS (Vpp=5.0 Vdc +10%, Sia Vdc, 


TA=-—55°C to + 125°C unless otherwise noted) 
Characteristic sow isla 
: 


Output Voltage, IL oaq $10.0 nA VOL 
Output High Voltage 
(Load = 1.6 mA) PD1-PD4 _ a 0. 8 
Output Low Voltage 
ae a oa es 


Input High Voltage 
PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 


Input Low Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRO, RESET, OSC1 


Total Supply Current (C_ =50 pF on Ports, no dc Loads, teyc= 
(Vip =0.2 V, ViZ=VDp- 0.2 V) 

RUN 

WAIT (See Note) 

STOP (See Note) 


\/O Ports Hi-Z Leakage Current 

PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 + 10 pA 
Input Current _ 

RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 lin +1 pA 


Capacitance 
Ports (as input or output) 
RESET, IRQ, TCAP, OSC1, PDO-PD5, PD7 


NOTE: Measured under the following conditions: 
1. All ports are configured as input, Vj, =0.2 V, Vin=Vpp-0.2 V. 
2. No load on TCMP, C; = 20 pF on OSC2. 
3. OSC1 is a square wave with Vj, =0.2 V, Vip=Vpp- 0.2 V. 
4. TE=RE=SPE=0 
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TBD 


Figure 9-2. Typical Operating Current vs Internal Frequency 


9.6 DC ELECTRICAL CHARACTERISTICS (Vpp=3.3 Vdc + 10%, VSS =0 Vdc, 


TA= —55°C to 125°C unless otherwise noted) 


Output Voltage, ILogaqs 10.0 pA 


Output High Voltage 
(1 gag = 0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP 


Output Low Voltage 
(ILoad=0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 


Input High Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, 
Input Low Voltage = 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, 
Total Supply Current (Cy =50 pF on Ports, no dc Loads, teyc = 1000 ns, 
(Vip =O.2V, Vi=VOp- 0.2 V} 
RUN 
WAIT (See Note) 
STOP (See Note) 


\/O Ports Hi-Z Leakage Current 
PAQ-PA7, PBO-PB7, PCO-PC7, PD1-PD4 
Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


Capacitance 
Cout pF 
Cin pF 


Ports (as input or output) 
RESET, IRQ, TCAP, OSC1, PDO-PD5, PD7 


NOTE: Measured under the following conditions: 
| 1. All ports are configured as input, Vip =0.2 V, ViIH=Vpp-9 2 V 
2. No load on TCMP, C; = 20 pF on OSC2. 
3. OSC1 is a square wave with Vj, =0.2 V, ViH=Vpp-0 2 V. 
4. TE=RE=SPE=0. 
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Frequency of Operation 
Crystal Option 
External Clock Option 


Internal Operating Frequency 
Crystal (fog¢ + 2) 
External Clock (fosce * 2) 
Cycle Time (See Figure 3-1) — 


Crystal Oscillator Startup Time (See Figure 3-1) 


Stop Recovery Startup Time (Crystal Oscillator) (See Figure 9-3) 


RESET Pulse Width (See Figure 3-2) 
Timer 
Résolution* * 
Input Capture Pulse Width (See Figure 9-4) 
Input Capture Pulse Period (See Figure 9-4) 
Interrupt Pulse Width Low (Edge- Triggered) (See Figure 3-4) 


Finterupt Pulse Period (See Figure $4) SSCS tt = YC 
OSCI Pulse Wiath fon. cor] © | — | os 


*The minimum period ti |, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 teyc: 
* * Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the timer 
resolution. 
*** The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 toyc. 


oscil 


TRO2 


tILCH 4064 teyc 


Internal! 
Clock 


Internal 
Address 
Bus 


WAV AVAVAWAVAVAVAVAVAVAVAVAV, 
XX XKXXXK XRAY PEER IK ieee X ere Kee ) 
RESET or Interrupt 
NOTES: Vector Fetch 
1. Represents the internal gating of the OSC1 pin. 
2. IRO pin edge-sensitive mask option. 


3. TRO pin level and edge-sensitive mask option. 
4. RESET vector address shown for timing example. 


Figure 9-3. Stop Recovery Timing Diagram 
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Frequency of Operation 
Crystal Option 
External Clock Option 
Internal Operating Frequency 
Crystal (fose * 2) 
External Clock (fosc * 2) 


Crystal Oscillator Startup Time (See Figure 3-1) 


Stop Recovery Startup Time (Crystal Oscillator) (See Figure 9-3) 


RESET Pulse Width — Excluding Power-Up (See Figure 3-1) 
Timer 
Resolution* * 

Input Capture Pulse Width (See Figure 9-4) 
Input Capture Pulse Period (See Figure 9-4) 


. . 


Interrupt Pulse Period (See Figure 3-4) 
OSC1 Pulse Width 


*The minimum period ti, },, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
* * Since a 2-bit prescaler in the timer must count four internal cycles (toyc), this is the limiting minimum factor in determining the timer 
resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. 


— | tTH — —| tTL = 
External 

Signal 

(TCAP 

Pin 37) 


Figure 9-4. Timer Relationships 
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9.9 SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-5) 
(VDD =5.0 Vde + 10%, VSs=O0 Vdc, TA= — 55 to + 125°) 
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um. 
Operating Frequency 
Master 
Slave 


| Enable Lead Time 
Master 

Slave (CPHA = 0) 
Slave (CPHA = 1) 


Enable Lag Time 
Master 
Slave (CPHA = 0) 
Slave (CPHA = 1) 


Yead(m) 
tlead( SO) 
Ylead(S1) 


tlagim) 


Nagi SO) 
tlag(S1) 


3 Clock (SCK) High Time 
Master twiSCKH)m| TBD ns 
Slave tw(SCKH)s TBD ns 
4 Clack (SCK) Low Time 
Master twiSCKL)m| TBD ns 
Slave twiSCKL)s TBD ns 


Data Setup Time (Inputs) 
Master 100 ns 
Slave 100 ns 
Data Hold Time (Inputs) 
Master 100 ns 
Slave 100 ns 
7 Access Time 


Data Valid 
Master (Before Capture Edge) TBD a ns 
Slave (After Enable Edge) * * o 200 ns 


Rise Time (20% Vppb to 70% Vpp, CL = 200 pF) 
SP! Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, SS) 
Fall Time (70% Vpp to 20% Vpp, Cy = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, SS) 
Output Data Hold (After Enable Edge) 
Master 

Slave 


10 


* Signal production depends on software. 
* * Assumes 200 pF load on all SPI pins. 
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9.10 SERIAL PERIPHERAL INTERFACE (SPI!) TIMING (Figure 9-5) 
(VDD =3.3 Vde + 10%, VSs=0 Vdc, TaA= —55 to + 125°C) 


Characteristic 


Operating Frequency 
Master 
Slave 


Enable Lead Time 
Master 

Slave (CPHA = 0) 
Slave (CPHA = 1) 


| Num. _| 
Enable Lag Time 
Master 
Slave (CPHA = 0) 
Slave (CPHA = 1) 


Ylead(m) 
tlead( SO) 
Nead(S$1) 


Yag(m) 
'ag( SO) 
lag(S1) 


Clock (SCK) High Time 
Master 
Slave 
Clock (SCK) Low Time 
Master 
Slave 


twiSCKH)m 
twiSCKH)s 


twiSCKL)m 
twiSCKL)s 


Data Setup Time (inputs) 
Master 
Slave 


Data Hold Time (Inputs) 
Master 
Slave 200 ns 
Access Time 
ae 
8 Disable Time (Hold Time to High-impedance State) 
icles A 7 PE 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge) * * 


11 Rise Time (20% Vpp to 70% Vpp, Cy = 200 pF) 
SP! Outputs (SCK, MOSI, MISO) 200 ns 


SPI Inputs (SCK, MOSI, MISO, SS) 2.0 us 
Fall Time (70% Vpp to 20% Vpp, Cr, = 200 pF) 

SP! Outputs (SCK, MOSI, MISO) _ 

SPI Inputs (SCK, MOS!, MISO, SS) 
* Signal production depends on software. 
* * Assumes 200 pF load on all SPI pins. 


Output Data Hold (After Enable Edge) 
Master 
Slave 
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CDP68HCO5C4 
SS Held High on Master 
(Input) 
(2)—> 1) 
SCK 
(4) 
Oman ms 
MISO. \/\ /\/ vy, 
ws KX XX XY 
~O~ OLN 
MOS! | 
ea, Gs cc OS QD QU 
beac a ae 
® © O 
(a) SPI Master Timing CPOL=0, CPHA= 1 
SS Held High on Master 
(Input) Q Q 
SCK | | 
(Output) 
ia aa 
Oo 


ina XY ‘ea as a ae aD 4.0 
©) 


MOSI 
Paes © ge (i) 


(b) SPI Master Timing CPOL=1, CPHA=1 


NOTE. Measurement points are VoL, VOH, Vit, and VKH. 


Figure 9-5. Timing Diagrams 


189 
CDP68HCO5C4 


6805-Series Microprocessors and Microcomputers 


ss Held High on Master 
(Input) 


(2) @ 


SCK 
(Output) 


MISO 
(Input) 


MOSI 
(Output) 


(c) SPI Master Timing CPOL=0, CPHA=0 


ec Held High on Master 
(Input) 


SCK 
(Output) 


MISO 
ino X a oes 
MOSI e 
Ouro Se 
aaa oe ae aw 
(d) SPi Master Timing CPOL=1, CPHA= 


NOTE. Measurement points are VOL, VOH. Vit, and Vi 


Figure 9-5. Timing Diagrams (Continued) 
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Ss 
(Input) 


) 
12 G & 


SCK 


MISO High-2 
(Output) 


OT 
me bars ariened Ga —% a 


(e) SPI Slave Timing CPOL=0, CPHA=1 


SS 
(Input) 


SCK 
(Input) 


Ped anc one cane 
MOSI WENA aul 
nae XN CX X= 


(f) SPI Slave Timing CPOL=1, CPHA= 1 


NOTE: Measurement points are VoL, VOH, Vic, and Vip. 


Figure 9-5. Timing Diagrams (Continued) 
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SS 
(Input) 


SCK 
(Input) ; 
al 
Meo D70 D60 
(Output) 


on 
wos mo = ED A009 


(g) SPI Slave Timing CPOL=0, CPHA=0 


Ss 
(Input) 


SCK 
(Input) 


High-Z 
Miso =m ae 


(Output) 
et w= a as XK) 


(h) SPI Slave Timing CPOL=1, CPHA=0 


NOTE: Measurement points are VOL, VO. Vit, and VjH. 


Figure 9-5. Timing Diagrams (Continued) 
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SECTION 10 
ORDERING INFORMATION 


10.1 INTRODUCTION 


The following information is required when ordering a custom MCU. The information may be 
transmitted to RCA in the following media: 


EPROM(s), 2716 or 2732 


To initiate a ROM pattern for the MCU, it is necessary to first contact your local field service office, 
local salesperson, or your local RCA representative. 


10.1.1 EPROMs 


The 2716 or 2732 type EPROMs, programmed with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. The EPROMs must be clearly marked to 
indicate which EPROM corresponds to which address space. Figure 10-1 illustrates the markings for the 
three 2716 EPROMs required to emulate the CDP68HCO5C4 MCU. 


After the EPROM(s) are marked, they should be placed in conductive IC carriers and securely 
packed. Do not use styrofoam. | 


0020 0800 


XXX = Customer ID 


Figure 10-1. EPROM Marking Example 
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10.2 VERIFICATION MEDIA 


All original pattern media (EPROMS) are filed for contractual purposes and are not returned. RCA will 
program a blank 2716 or 2732 EPROM (supplied by the customer) from the data file used to create the 
custom mask to aid in the verification process. 


10.3 ROM VERIFICATION UNITS 


Ten MCUs containing the customer's ROM pattern will be sent for program verification. These units will 
have been made using the custom mask but are for the purpose of ROM verification only. For. 
expediency they are usually unmarked, packaged in ceramic, and tested only at room temperature 
(25°) and five volts. These RVUs are included in the mask charge and are not production parts. These 
RVUs are not backed or guaranteed by RCA Quality Assurance. 


10.4 CUSTOMER ORDERING INFORMATION 


RCA CMOS MicroComputers are supplied in dual-in-line ceramic (DIC) packages, dual-in-line plastic 
(DIP) packages, or in chip form (no package). Asuffix letter is appended to the basic type part number to 
identify the package style (D for DIC packages, E for DIP packages, and H for chips). The RCA 
microcomputer CDP68HCO5C4 is sold in minimum-order quantity, minimum release quantity, and a 
mask charge is made for each pattern. The minimum-order quantity is 1000 devices for any package or 
chip supplied, and the minimum-release quantity is also 1000 devices. 


10.5 CUSTOMER ORDERING PROCEDURE: 


10.5.1. Obtain a formal quotation from RCA Distributor or RCA Sales Representative detailing the 
following: 


Custom Part Number (XXXXX) 
Unit Price 

Masking Charge (one time only) 
Delivery Information 


10.5.2. Issue Purchase Order and include the following: 


® Custom Part Number/RCA Commercial Family Part Number including all suffix letters. 

© Complete MicroComputer information sheet in this data sheet and attach to the Purchase Order. 
@ Include all option data. See Figure 10-1 Ordering Form. 

e Supply special branding instructions. 

Supply copy of customer specification, if applicable. 

List MicroComputer prototypes (if required — up to 10 ceramic devices). 

Waiver on Microcomputer (ROM) pattern data (if desired). 
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10.5.3. On receipt of items outlined in 10.5.2. above, the following will be sent to the customer for 
approval: 


e Data printout or verification EPROM(s) if requested. 
e ROM Verification Form 


The MicroComputer (ROM Pattern) verification form must be completed, signed and returned to RCA 
within 30 days. Production of the custom MicroComputer will commence following the receipt by RCA 
of the completed MicroComputer (ROM Pattern) Verification Form. If the customer had requested 
MicroComputer prototypes on the original Purchase Order, they will be supplied prior to starting wafers 
for production quantities. If the customer wishes RCA to proceed directly to production and waive 
either the MicroComputer (ROM Pattern) verification data cycle or the prototype submission, or have 
the items occur in parallel with starting production, this must be indicated on the original Purchase 
Order. The customer's liability, in the event a pattern change or a reduction in quantity ordered is 
necessary, the customer liability is outlined in the section on Customer Liability. 


10.5.4. Customer Liability: 


When a MicroComputer order is placed, the customer assumes the financial responsibility for the total 
order. If the customer changes MicroComputer (ROM Pattern) or reduces the quantity ordered, a 
cancellation charge will apply to all work-in-process. The following typical cancellation charges, 
dependent upon how far into the manufacturing cycle the order has progressed when cancelled. 


Manufacturing Step Cancellation Charges 


Mask Generation Mask Charge 

Wafer Fabrication Mask Charge plus 70% of the unit price per die (wafers). 
Assembly-Production Mask Charge plus 70% of the unit price per die (wafers), 90% of the unit 
Final Test price per assembled devices plus 95% of the unit price per net 


tested devices. 
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10.6 OPTION LIST 


Select the options for the MCU from the following list. A manufacturing mask will be generated 
from this information. Select one in each section. 


Internal Oscillator Input 
O Crystal 
OC Resistor 


Interrupt Trigger 


(J Edge-Sensitive 
CL Level- and Edge-Sensitive 


Customer Name 


Address 
CO a a eta |) 
Phone ( Phe tee te ee Se MEX LONISION 


Contact Ms/Mr 

Customer Part Number 

RCA Custom Number 

Pattern Media 
() 2732 EPROM 
(J) 2716 EPROM 


CJ (Note) 


Note: Other Media require prior factory approval. 


Signature 


Title 


Figure 10-2. Ordering Form 
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10.7 BRANDING: 


CMOS Microprocessors, Memories and Peripherals 


The packages (DIC or DIP) in which RCA custom MicroComputers are supplied are branded with both 
the basic type number and an RCA custom part number. Please refer to both numbers when discussing 


a custom MicroComputer order with RCA representatives. RCA can accommodate special require- 
ments of customers. The standard format is as follows: 


"Customer 
Basic Part CDP68HCO5C4 RCA XXXXXXXX eer 
Number RCA XXXXX Custom P/N RCA XXXX 
415 3-Digit 415 


Date Code 


"Customer Special Brand (up to 10 characters for DIC, 13 characters for DIP). 
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SECTION 11 
MECHANICAL DATA 


This section contains the pin assignment and package dimension diagrams for the CDP68HCO5C4 
microcomputer. 


11.1 TERMINAL ASSIGNMENT 


— 


VDD 
OSC] 
OSC2 
TCAP 
PD7 
TCMP 
PD5/SS 
PD4/SCK 
PD3/MOSI 
PD2/MISO 
PD1/TDO 
PDO/RDI 


2 
2 
4 
5 
6 
7 
8 
9 
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Advance Information/ 
Preliminary Data 

TERMINAL ASSIGNMENT CMOS High-Performance 


8-Bit Microcomputer 


Features: 
= Typical power: 
Operating, 25 mW 
WAIT, 17.5 mW 
STOP, 5 uW 
Fully static operation 
96 bytes of on-chip RAM 
2176 bytes of on-chip ROM 
28 bidirectional I/O lines 
2.1 MHz internal operating 
frequency 


| 
2 
3 
4 
5 
6 
7 
8 
9 


TOP VIEW 


CMOS Microprocessors, Memories and Peripherals 


Silicon-Gate 


Internal 16-bit timer 
Serial Peripheral Interface (SP/) 
External (TRQ), timer, 

Port B, and Serial Interrupts 
Self check mode 
Single 2.5 to 6 volt supply 
RC or crystal on-chip oscillator 
8 x 8 multiply instruction 
True bit manipulation 
Indexed addressing for tables 
Memory mapped !/O 


The CDP68HC05D2 Microcomputer Unit (MCU) belongs 
to the CDP6805 Family of Microcomputers. This 8-bit 
MCU contains on-chip oscillator CPU, RAM, ROM, I/O, 
and Timer. The fully static design allows operation at 
frequencies down to DC, further reducing its already low- 
power consumption. It is a low-power processor designed 


telecommunications, consumer, automotive, and 
industrial markets where very low power consumption 
constitutes an important factor. 


The CDP68HCO5D2 is supplied in a 40-lead hermetic 
dual-in-line side brazed ceramic package (D suffix), and 
in a 40-lead dual-in-line plastic package (E suffix). 


for low-end to mid-range applications in the 


TCMP OSC1 OSC2 
35 Internal 39 38 picraal 
Timer pe Oscillator Processor 
TCAP ——37 System and Clock 1 
ame RESET 
ts 2 ik 
Pao «— 28 
PAI 10 Accumulator 77 oe 
Port paz «2 = CPU ree on a. 
A PA3 8 Port | Data Index Control Data Port 25 263 C 
1/0 pag U A Dir Register ee : : PC4 ie 
Lines PAs 6 Reg | Reg 8 as Reg | Reg 23 PCS Lines 
5 Condition 
PAG ee 22 » PCE 
PA7 ««—4 poe 21 
5 Register CC PC7 
12 Stack 36 PD7 
PBO 13 g Pointer ¢ 
i an 14 a Data | Port a TOSC1 (PDO) 
B PB3 «e—l2y} Port | Data Counter Bee Bk 57> TOSC2 (PD1) | 
0 PB4 thy} 8 | Dir 5. OM PCH eae Wee ies SPI 
Lines PB5 1 Reg | Reg Program 33 SCK (PDA) System 
pps «18 Counter a. 5S (PDS) 
pa7 «2 B.S OW. PCL SPI 
2176 x8 96 x8 Internal 
ROM i. Processor 
240 x 8 Clock 
Self- Check 
ROM 
92CS-38117 


Fig. 1 - CDP68HCO5D2 CMOS microcomputer block diagram. 
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$0000 


Ae) Ports 
8 Bytes 
32 Bytes 
seas Unused 
ee U 2 Bytes 
ser 
ROM 
128 Bytes 
ed Serial Peripheral 
Interface 
3 Bytes 


RAM 
96 Bytes 


Unused 
5 Bytes 


SOOBF 
$00CO 
SOOFF \ ree 
$0100 \ 10 Bytes 
User \ 
ROM Unused 2 Bytes 
2048 Bytes \ 
Misc Control/ 
: SOF \ Stat Register 
! $O9FF 
\ Unused 
| 1 Byte 
SI1EFF 
! $1F00 
i Self Check 
| 
! MEDE lic Sc oh, 
$1FEO 
Self-Check 256 Bytes 
Vectors 
S1FEF 
S1FFO User 


Vectors 
16 Bytes 


$1FFF 


CDP68HC05D2 


Unused 


Timer Control Register 


Misc Control/Stat Register 


92CS-38118 


Fig. 2 - Address map. 


ORGANIZATION DESCRIPTION 


The CDP68HCO5D2 microcomputer contains 2176 bytes 
of ROM, 96 bytes of RAM (64 of which can be used for 
stack), a 240-byte self check ROM, 16 bytes of interrupt 
vectors and 32 bytes of memory mapped I/O functions. 
These functions include a Serial Peripheral Interface 
(SPI) system, which is used for interdevice data transfer, 
and a 16-bit multifunction free-running timer. Since data 
in the SPI System is transferred serially over 2 data lines 
with a clock line for synchronization, both pin count and 
circuit board area are minimized. Available SPI 
compatible devices include data storage RAM’s a Real 
Time Clock, and an A/D Converter. The clock source for 
the timer is selectable under software control to be either 
the CPU clock or the external timer oscillator. Each of the 


three timer functions (compare, input capture, and 
overflow detection) can generate interrupts which are 
individually maskable. Besides the timer itself, there are a 
control register, a status register, and two 16-bit registers, 
a compare register and a capture register, used for 
storing timer values. The D2 has 4 I/O ports having a total 
of 28 I/O lines and 3 input lines. Each I/O line is 
individually software programmable as either an input or 
an output and can be set, reset, or tested on a bit basis. 
The output drivers in Port A can be programmed to be 
open drain, and a maskable interrupt can be generated by 
a low signal level on any input line of Port B. 


Figures 3, 4, and 5 show examples which illustrate the use 
of the CDP68HC05D2 in systems. 
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CDP6805 FAMILY 


CDP68HC05C4 | CDP68HC05D2 | CDP6805E2 | CDP6805E3 | CDP6805F2 | CDP6805G2 
Technology CMOS. CMOS CMOS CMOS CMOS CMOS 

Number of Pins o | 4 | « | o | » | 0 | 
On Chip RAM (Bytes) TC 


On-Chip User ROM (Bytes) 


External Bus 
Bidirectional I/O Lines 


‘Undirectional I/O Lines 


3 | None 
Other I/O Features Timer, SPI, Timer, SPI Timer Timer Timer Timer 
SCI 


External Interrupt Inputs 


STOP and WAIT Yes Yes Yes Yes 


ye) 
fee) 
— 
oO) 
— 
[o> 
4 
[e>) 
- 
PO 


SERIAL RAM 
CDP68HC68R1 


PORT 


OPEN DRAIN 
SOFTWARE 
PROGRAMMABLE 
OUTPUTS 


CDP68HCOS5D2 


REAL TIME 
CLOCK LCD DRIVER PORT 
CDP68HC68T1 B 
KEYBOARD 
LCD DISPLAY INTERRUPT 92CS-37512RI 
92CS-37515 Fig. 4 - Keyboard interface. 
Fig. 3 - Serial peripheral interface (SP/) bus system. 
pee 
SERIAL Roornme | | SERIAL 
RAM SLOCK | EXPANSION | 
RR ie a | 
poate SERIAL 
INTERRUPT BUS 
DISPLAY 
DIAL PULSE INTERFACE 
CPU = MUTE 
OSCILLATOR *f CDP68HCO5D2 

COST AND 

STATUS LCD 

INFORMATION | DISPLAY 

TIMER 
OSCILLATOR 1/0 FOR CONTROL 
AND EXPANSION 
KEYBOARD 
(MAX. 64 KEYS) 92CS-37511 


Fig. 5 - Block diagram of a telephone system. 
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Advanced Information/ 
Preliminary Data 


CMOS 8-Bit Microprocessor 


Hardware Features 


w Typical full speed operating power of 
35 mW @5V 

# Typical WAIT mode power of 5 mW 

= Typical STOP mode power of 5 uW 

= 112 bytes of on-chip RAM 

w 16 bidirectional |/O lines 

a /nternal 8-bit timer with software 
programmable 7-bit prescaler 


1 

2 
3 
4 
5 
6 
7 
8 
3 


@ External timer input 

a Full external and timer interrupts 

ws Multiplexed address/data bus 

= Master reset and power-on reset 

= Capable of addressing up to 8K bytes 
of external memory 

# Single 3- to 6-volt supply 

8 On-chip oscillator 

s 40-pin dual-in-line package 


TOP VIEW 92CS~ 35116 


TERMINAL ASSIGNMENT 


The CDP6805E2 Microprocessor Unit (MPU) belongs to the Software Features 
CDP6805 Family of CMOS Microcomputers. This 8-bit fully 
static and expandable microprocessor contains a CPU, on- 
chip RAM, I/O, and Timer. It is a low-power, low-cost 
processor designed for mid-range applications in the 
consumer, automotive, industrial, and communications 
markets where very low power consumption constitutes an 
important factor. The following are the major features of the 
CDP6805E2 MPU. 


a Efficient use of program space 

® Versatile interrupt handling 

s True bit manipulation 

s Addressing modes with indexed addressing for tables 
= Efficient instruction set 

= Memory mapped !|/O 

= Two power saving standby modes 


37 Pp Timer/ 39 38 


Timer Control 


PAO i - 
pai — 
PAr@e Date a mex 26 
Fon uN Dw Bus Be agai ctas 
A PA3 Reg ie 26 ultipiexe 
VO pagal B3 Address/ 
Lines 9 Condon 24 84 Data 
PAS Code Pe Bus 
PAGa@-2 5 Register cc B5 
22 
PA] «~~ Stack B6 
6 Pointer sp 21 B7 
Program 
Counter 
PBO «g- 5 High PCH Be ag 
35 Program is 
PBI Counter pane AS: : KAdress 
34 Data 8 Low PCL ive 17 Bus 
Port PB2 Orr 2 A10 
B PB3 33 Reg AN 
VO pp4ae-22 1D aap 
Lines 31 
PBS 
pa6 0 : 
AS Address Strobe 
Eps 7 12x 8 Bus 4 os 
RAM Control ; Data Strobe ($2) 
R/W Read/Write 
92CS-38015 


Fig. 1 - Block diagram. 
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MAXIMUM RATINGS (voltages referenced to Vss) 


CMOS Microprocessors, Memories and Peripherals 


Current Drain Per Pin Excluding Vpp‘and Vss 


Operating Temperature Range 
CDP6805E2 0 to 70 
CDP6805E2C — 40 to 85 


Storage Temperature Range 


DC ELECTRICAL CHARACTERISTICS 3.0 V (Vpp =3.0 Vdc, Vss=0, Ta =0° to 70°C, unless otherwise noted) 


Characteristics 


Output Voltage LOADS 10.0 pA 


Total Supply Current (C, =50 pF — no DC loads) teyc=5 ps 
Run (Vi, =0.2 V, ViH=Vpp-—0.2 V) 
Wait (Test Conditions — See Note Below) 
Stop (Test Conditions — See Note Below) 
Output High Voltage 
(LOAD = 0.25 mA) A8-A12,B0-B7 
(ILOAD =0.1 mA) PAO-PA7, PBO-PB7 
(LOAD = 0.25 mA) DS, AS, R/W 
Output Low Voltage 7 
(LOAD =0.25 mA) A8-A12, BO-B7 
(ILOAD = 0.25 mA) PAO-PA7, PBO-PB7 
(ILOAD =0.25 mA) DS, AS, R/W 
Input High Voltage 
PAO-PA7, PBO-PB7, BO-B7 
TIMER, IRO, RESET 


Frequency of Operation 
Crystal 
External Clock 
Input Current 
RESET, IRQ, Timer, OSC1 
Three-State Output Leakage 
PAO-OA7, PBO-PB7, BO-B7 
Capacitance 
RESET, IRO, Timer 
Capacitance 
DS, AS, R/W, A8-A12, PAO-PA7, PBO-PB7, BO-B7 
NOTE: Test conditions for Quiescent Current Values are: 
Port A and B programmed as inputs. 
Vii =0.2 V for PAO-PA7, PBO-PB7, and BO-B7. 
ViIH=Vpp — 0.2.V for RESET, TRG, and Timer. 
OSC1 input is a squarewave from Vsgs+0.2 V to Vpp — 0.2 V. 
OSC2 output load (including tester) is 35 pF maximum. 
Wait mode !pp is affected linearly by this capacitance. 
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DC ELECTRICAL CHARACTERISTICS 5.0 V VDD 5.0 Vde + 10%, Vss=0, Ta =0° to 70°, unless otherwise noted) 


ae 0.1 


Output Voltage ILQaAps 10.0 pA 


Total Supply Current (C, = 130 pF — On Bus, Cy =50 pF — On Ports, 
No DC Loads, tcyc= 1.0 ps 


Run (Vi, =0.2 V, Vi =Vop — 0.2 V) 
Wait (Test Conditions — See Note Below) 
Stop (Test Conditions — See Note Below) 
Output High Voltage 
(LOAD =1.6 mA) A8-A12, BO-B7 
(ILOAD = 0.36 mA) PAO-PA7, PBO-PB7 
(ILOAD= 1.6 mA) DS, AS, R/W 
Output Low Voltage eiecale 
(ILOAD = 1.6 mA) A8-A12, BO-B7 vo 0.4 
(LOAD = 1.6 mA) PAO-PA7, PBO-PB7 
(ILOAD=1.6 mA) DS, AS, R/W 
Input High Voltage 
PAOQ-PA7, PBO-PB7 
TIMER, iRO, RESET 


Input Low Voltage (All Inputs) 


Frequency of Operation 
Crystal 


External Clock al ee ae 
cr ee eee 
a SE ST 
PAO-PA7, PBO-PB7, BO-B7 ITS! 
aN Te ee 
RESET, TRO, Timer 
eer A 
DS, AS, R/W, A8-A12, PAO-PA7, PBO-PB7, B0-B7 Cout 


NOTE: Test conditions for Quiescent Current Values are: 
Port A and B programmed as inputs. 
Vit =0.2 V for PAO-PA7, PBO-PB7, and BO-B7. 
ViIH=VpDD — 0.2 V for RESET, IRQ, and Timer. 
OSC1 input ts a squarewave from Vgg+0.2 V to Vpp — 0.2 V. 
OSC2 output load (including tester) is 35 pF maximum. 
Wait mode (Ipp) is affected linearly by this capacitance. 


ND 
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TABLE 1 — CONTROL TIMING (Vss=0, Ta =0° to 70°C) 


Vpop=3 V Vpp=5V + 10% 
fosc= 1 MHz fosc =5 MHz 


Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | Unit | 
I/O Port Timing — Input Setup Time (Figure 3) tPVASL eee ae ae a a ee ee 
input Hold Time (Figure 3) tastex| too | - | - | wo | - | - [| ns | 
Output Delay Time iFigues) ———SSSSSSC=idtpvy — | - | 0 | - | - | 0 | 1s 
[Interrupt Setup Time (Figure6) ss |tasL | 2) =| — | - O] oe | - | - Togs | 
| Crystal Oscillator Startup Time (Figure 5) st toxov | — | 30 | 30 | - | 15 | 10 | ms | 
[Wait Recovery Startup Time (Figure) _|tvasnf - | - | 10 | - | ~ | 2 | ys 
[Stop Recovery Startup Time (Crystal Oscitaton (Figureéiltasn{ — | 30 | 300 | — | 1 | 100 | ms 
[Required interupt Release Figure) tosum | — | - | 6 | — | - | 10 | 4s 
Se a Se oS a a A Ee 
ia | 52 [ - | - | 10 [- | - | ps 
[TimerFerod Rowe em | tO PR 0 f= toe 
[interrupt Pulse Width Low (Figure sf tw (| tO OT - | - | 10 [ - | - [ toe | 
[Interrupt Pulse Perod Figure tu fe PT OL tre 
[Oscilator Cycle Perod 7B ofteyel i ton | 1000 f= | = | 00 = ms 


The minimum period tiL |, should not be less than the number of tcyc Cycles it takes to execute the interrupt service routine plus 20 toyc 
cycles. 


CMOS Equivalent 


Test Point 7] 
| C 


TTL Equivalent 


[Pn st | me |e 
SDF 


BO-B7, A8-A12, 
R/W, DS, AS 


C=50 pF, PAO-PA7, PBO-PB7 2, 
= 130 pF, A8-A12, BO-B7, DS, AS, R/W 
with Vpp=5 V + 10% 


92CS-38016 


Fig. 2 - Equivalent test-load circuits. 
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(Vlow=0.8 V, VHIGH=VpD~2'V,|Vpp=5 + 10% 
Temp=0° to 70°C, Cy on Port=50 pF, fosc=5 MHz) 


a a: 
MMMM, 


TASLPV 92CS-38017 


*The address strobe of the first cycle of the next instruction as shown In Table 11. 


Fig. 3 - 1/0 port timing waveforms. 


TABLE 2 — BUS TIMING (Ta =0° to 70°C, Vss=0 V) See Figure 4 


fosc =5 MHz 
fosc=1 MHz, | Vpp=5 V + 10%, 


Characteristics Vpop=3/V 1 TTL 
50 pF Load and 130 pF Load 


Non-Muxed Address Hold 
R/W Delay from DS Fall 


Non-Muxed Address Delay from AS Rise 
MPU Read Data Setup 


Read Data Hold 

MPU Data Delay, Write 

Write Data Hold 

Muxed Address Delay from AS Rise 


Muxed Address Valid to AS Fall 


Muxed Address Hold 


iW 


A8-Ai1 


——@ 
a © 


Oat na 


©) 
a, 
©) “ 
S) 
er ie is 
5 
25S089d09D 


ol / ff = 
I a | mnt é 
a 
tt 


at ep tet gg le 
au ie rt (eS 
4 <7 


ls ; ; 


902 


dois!iN SOIND 


OWS “SIOSS9001 


sjesaydiidg pue soi 


DS 
Unmux 
A8-A12 
AGsress pig LL. XK XX New ROUX XN KX 1F 
Mux BO-B7 FE FF First Instruction New PCH New-PCL 


Address/Data LLLLLLLZ/MK_ NLT K XZ. y y 
Bus FE FE New PCH = New PCL FE FE PE FF First Instruction 
R/W ————— ee 

Oscillator Waveform Crystal Oscillator Connections Crystal Parameters Representative Frequencies 

| | joma | 0.02 pF 
OSC1 Pin 38 39 50 k 
OSC2 OSC1 15-30 pF 15-40 pF 
t 
EOE 15-25 pF 15-25 pF 15-30 pF 


ce eeu 


Crystal Circuit 
L C1 RS 


38 I 39 
OSC2 OSC1 
92CS-38019 


Fig. 5 - Power-on reset and reset timing waveforms. 
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DS 
Unmux 
Aanos Bik SS See pa f XX og XX 
Next Op Code Address 1F Int Routine Int Routine t x 
ae ULASL Starting Addr Last Addr DSLIH 
IRQ or TCR7 
antes oo ompon weyrcr {| 
Address/Data 2 GERD OE CS C.D SCD OG @ GSS CD Oo GAN @ GD Gs GED C\ERED 6S ED © GRD 
Bus Next Op Code FA (IRQ) FB (IRQ) Ist Op Code RTI 
F8 (Timer) F9 (Timer) Int Routine Op Code 
SR oe ee 
92CS-38020 


*tDOSLIH — The interrupting device must release the IRQ line within this time io prevent Subsequent recognition of the same interrupt 


Fig. 6 - IRQ and TCR7 interrupt timing waveforms. 
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PTIVASH Ft ie alg n+ 1—ehe—n + 2~mfe—-n + 3—wfhe—n + 4—ofe— n + 5 —ofpe—n + 6 — 11 + 7 


AS 


Dc We es aoe ee ee ee sl 
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Address Bus 
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92CS-38021 


Fig. 7 - Timer interrupt after WAIT instruction timing waveforms. 
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2 : Represents the internal gating of the OSC1 input pin. 
tcyc IS One instruction cycle (for {OSC =5 MHz, teyc= 1 ws) 


Fig. 8 - Interrupt recovery from STOP instruction timing waveforms. 
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FUNCTIONAL PIN DESCRIPTION 


Vpp and Vss — Vpp and Vss provide power to the 
chip. Vpp provides power and VS¢§ is ground. 


[RO (Maskable Interrupt Request) — [RO is a level- 
sensitive and edge sensitive input which can be used to re- 
quest an interrupt sequence. The MPU completes the cur- 
rent instruction before it responds to the request. IF IRQ is 
low and the interrupt mask bit (I-bit) in the Condition Code 
Register is clear, the MPU begins an interrupt Sequence at 
the end of the current instruction. The interrupt circuit 
recognizes both a ‘’Wire ORed”’ level as well as pulses on the 
FRO line (see Interrupt Section for more details). [RO requires 
an external resistor to Vpp for ‘‘Wire OR” operation. 


RESET — The RESET input is not required for start-up but 
can be used to reset the MPU’s internal state and provide an 
orderly software start-up procedure. Refer to the RESET 
section for a detailed description. 


TIMER — The TIMER input is used for clocking the on- 
chip timer. Refer to TIMER section for a detailed description. 


AS (Address Strobe) — Address Strobe (AS) is an output 
strobe used to indicate the presence of an address on the 
8-bit multiplexed bus. The AS line is used to demultiplex the 
eight least significant address bits from the data bus. A latch 
controlled by Address Strobe should capture addresses on 
the negative edge. This output is capable of driving one stan- 
dard TTL load and 130 pF and is available at foSsc +5 when 
the MPU is not in the WAIT or STOP states. 


DS (Data Strobe) — This output is used to transfer data to 
or from a peripheral or memory. DS occurs anytime the MPU 
does a data read or write. DS also occurs when the MPU 
does a data transfer to or from the MPU’'s internal memory. 
Refer to Table 2 and Figure 4 for timing characteristics. This 
output is capable of driving one standard TTL load and 


130 pF. DS is a continuous signal at fosc +5 when the 
MPU is not in WAIT or STOP state. Some bus cycles are 
redundant reads of op code bytes. 


R/W (Read/Write) — The R/W output is used to indicate 
the direction of data transfer for both internal memory and 
|/O registers, and external peripheral devices and memories. 
This output is used to indicate to a selected peripheral 
whether the MPU is going to read or write data on the next 
Data Strobe (R/W low=processor write; R/W 
high = processor read). The R/W output is capable of driving 
one standard TTL load and 130 pF. The normal standby state 
is Pead (high). 


A8-A12 (High Order Address Lines) — The A8-A12 output 
lines constitute the higher order non-multiplexed addresses. 
Each output line is capable of driving one standard TTL load 
and 130 pF. 


BO-B7 (Address/Data Bus) — The BO-B7 bidirectional 
lines constitute the lower order addresses and data. These 
lines are multiplexed, with address present at Address 
Strobe time and data present at Data Strobe time. When in 
the data mode, these lines are bidirectional, transferring data 
to and from memory and peripheral devices as indicated by 
the R/W pin. As outputs in either the data or address 
modes, these lines are capable of driving one standard TTL 
load and 130 pF. 


OSC1, OSC2 — The CDP6805E2 provides for two types 
of oscillator inputs — crystal circuit or external clock. The 
two oscillator pins are used to interface to a crystal circuit, as 
shown in Figure 5. If an external clock is used, it must be 
connected to OSC1. The input at these pins is divided by five 
to form the cycle rate seen on the AS and DS pins. The fre- 
quency range is specified by fosc. The OSC1 to bus transi- 
tions relationships are provided in Figure 9 for system 
designs using oscillators slower than 5 MHz. 


OSC1 


eees eae ns 


, aera 
BO-B7 Mux. Addr 
MPU Read | 


BO-B7 7 , ) 
MPU Write , ux. Addr MPU Write Data | 


"Read data “latched” on DS fall. 
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Fig. 9 - OSC1 to bus transitions timing waveforms. 
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Crystal — The circuit shown in Figure 5 is recom- 
mended when using a crystal. The internal oscillator is 
designed to interface with an AT-cut parallel resonant 
quartz crystal resonator in the frequency range 
specified for fosc in the electrical characteristics 
table. An external CMOS oscillator is recommended 
when crystals outside the specified ranges are to be 
used. The crystal and components should be mounted 
as close as possible to the input pins to minimize out- 
put distortion and Start-up stabilization time. 


External Clock — An external clock should be ap- 
plied to the OSC1 input with the OSC2 input not con- 
nected, as shown in Figure 10. 


FIGURE 10 — EXTERNAL CLOCK CONNECTION 


Connection 
(NC) 


CDP6805E2 


92CS-38024 


Data Direction 
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Pin 


Data Direction 
Register 


Port B 
Register 


Pin 


LI (Load Instruction) — This output is used to indicate that 
a fetch of the next opcode is in progress. LI remains low dur 
ing an External or Timer interrupt. The LI output is only used 
for certain debugging and test systems. For normal opera- 
tions this pin is not connected. The LI output is capable of 
driving one standard TTL load and 50 pF. This signal 
overlaps Data Strobe. 


PAO-PA7 — These eight pins constitute Input/Output 
Port A. Each line is individually programmed to be either an 
input or output under software control via its Data Direction 
Register as shown below. An |/O pin is programmed as an 
output when the corresponding DDR bit is set to a‘’1,"’ and 
as an input when it is set to a ‘‘0’’. In the output mode the 
bits are latched and appear on the corresponding output 
pins. An MPU read of the port bits programmed as outputs 
reflect the last value written to that location. When program- 
med as an input, the input data bit(s) are not latched. An 
MPU read of the port bits programmed as inputs reflects the 
current status of the corresponding input pins. The 
Read/Write port timing is shown in Figure 3. See typical !/O 
Port Circuitry in Figure 11. During a Power-On Reset or ex- 
ternal RESET all lines are configured as inputs (zero in Data 
Direction Register). The output port register is not initialized 
by reset. The TTL compatible three-state output buffers are 
capable of driving one standard TTL load and 50 pF The 
DDR is a read/write register. 


PBO-PB7 — These eight pins interface to Input/Output 
Port B. Refer to PAO-PA7 description for details of opera- 
tion. 


oe 


92CS-38025 


212 
CDP6805E2 


Data Direction 
Register 
Bit 


Latched 
To 
Output 
And D Bit 
From ata Dl 
CPU 


CMOS Microprocessors, Memories and Peripherals 


92CS-38026 


Fig. 11 - Typical I/O port circuitry. 


TABLE 3 — 1/0 PIN FUNCTIONS 


1/O Pin Functions 


The I/O pin ts in input mode. Data is written 
into the output data latch. 
Data is written into the output data latch and 


output to the I/O pin. 


The state of the I/O pin Is read. 


The I/O pin is in an output mode The output 
data latch ts read. 


MEMORY ADDRESSING 


The CDP6805E2 is capable of addressing 8192 bytes of 
memory and I/O registers. The address space is divided into 
internal memory space and external memory space, as 
shown in Figure 12. 

The internal memory space is located within the first 128 
bytes of memory (first half of page zero) and is comprised of 
the |/O port locations, timer locations, and 112 bytes of 
RAM. The MPU can read from or write to any of these loca- 
tions. A program write to on-chip locations is repeated on 
the external bus to permit off-chip memory to duplicate the 
content of on-chip memory. Program reads to on-chip loca- 
tions also appear on the external bus, but the MPU accepts 
data only from the addressed on-chip location. Any read 
data appearing on the input bus is ignored. 

The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts and 
subroutine calls. At power up, the stack pointer is set to $7F 
and it is decremented as data is pushed onto the stack. 
When data is removed from the stack, the stack pointer is in- 
cremented. A maximum of 64 bytes of RAM is available for 
Stack usage. Since most programs use only a small part of 
the allotted stack locations for interrupts and/or subroutine 
Stacking purposes, the unused bytes are usable for program 
data storage. 

All memory locations above location $007F are part of the 
external memory map. In addition, ten locations in the I/O 
portion of the lower 128 bytes of memory space, as shown 


in Figure 12, are part of the external memory map. All of the 
external memory space is user definable except the highest 
10 locations. Locations $1FF6 to $1FFF of the external ad- 
dress space are reserved for interrupt and reset vectors (see 
Figure 12). 


REGISTERS 


The CDP6805E2 contains five registers as shown in the 
programming model in Figure 13. The interrupt stacking 
order is shown in Figure 14. 


ACCUMULATOR (A) — This Accumulator is an 8-bit 
general purpose register used for arithmetic calculations and 
data manipulations. 


INDEX REGISTER (X) — The X register is an 8-bit register 
which is used during the indexed modes of addressing. It 
provides an 8-bit operand which is used to create an effective 
address. The index register is also used for data manipula- 
tions with the Read/Modify/Write type of instructions and 
as a temporary storage register when not performing ad- 
dressing operations. 


PROGRAM COUNTER (PC) — The program counter is a 
13-bit register that contains the address of the next instruc- 
tion to be executed by the processor. 
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\1/O Ports 0 Port A Data Register $0000 
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6 External Memory Space $0006 
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Fig. 12 - Address map. 
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Fig. 13 - Programming model. 
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Fig. 14 - Stacking order. 


STACK POINTER (SP) — The stack pointer is a 13-bit 
register containing the address of the next free location on 
the stack. When accessing memory, the seven most- 
significant bits are permanently set to 0000001. They are ap- 
pended to the six least-significant register bits to produce an 
address within the range of $007F to $0040. The stack area of 
RAM is used to store the return address on subroutine calls 
and the machine state during interrupts. During external or 
power-on reset, and during a “‘reset stack pointer’ instruc- 
tion, the stack pointer is set to its upper limit (SO07F). Nested 
interrupts and/or subroutines may use up to 64 (decimal) 
locations, beyond which the stack pointer “wraps around’ 
and points to its upper limit thereby losing the previously 
stored information. A subroutine call occupies two RAM 
bytes on the stack, while an interrupt uses five bytes. 


CONDITION CODE REGISTER (CC) — The condition 
code register is a 5-bit register in which each bit is used to in- 
dicate the results of the instruction just executed. These bits 
can be individually tested by a program and specific action 


taken as a result of their state. Each of the five bits is explain- 
ed below. 


Half Carry Bit (H) — The H-bit is set to a one when a carry 
occurs between bits 3 and 4 of the ALU during an ADD or 
ADC instruction. The H-bit is useful in Binary Coded Decimal 
addition subroutines. 


Interrupt Mask Bit (I) — When the I-bit is set, both the ex- 
ternal interrupt and the timer interrupt are disabled. Clearing 
this bit enables the above interrupts. If an interrupt occurs 
while the I-bit is set, the interrupt is latched and will be pro- 
cessed when the I-bit is next cleared. 


Negative Bit (N) — When set, this bit indicates that the 
result of the last arithmetic, logical, or data manipulation was 
negative (bit 7 in the result is a logical one). 


Zero Bit (Z) — When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation was zero. 
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Carry Bit (C) — The C-bit is set when a carry or a borrow 
out of the ALU occurs during an arithmetic instruction. The 
C-bit is also modified during bit test, shift, rotate, and branch 
types of instruction. 

RESETS 


The CDP6805E2 has two reset modes: an active low ex- 
ternal reset pin (RESET) and a Power-On Reset function; 
refer to Figure 5. 


RESET (Pin #1) — The RESET input pin is used to reset 
the MPU and provide an orderly software start-up pro- 
cedure. When using the external reset mode, the RESET pin 
must stay low for a minimum of one teyc. The RESET pin is 
provided with a Schmitt Trigger to improve its noise immuni- 
ty capability. 


Power-On Reset — The Power-on Reset occurs when a 
positive transition is detected on Vpp. The Power-on Reset 
is used strictly for power turn-on conditions and should not 
be used to detect any drops in the power supply voltage. 
There is no provision for a power-down reset. The power-on 
circuitry provides for a 1920 tcyc delay from the time of the 
first oscillator operation. If the external reset pin is low at the 
end of the 1920 tcyc time out, the processor remains in the 
reset condition. 

Either of the two types of reset conditions causes the 
following to occur: 


— Timer control register interrupt request bit (bit 7) 
is cleared to a ‘’0”. 

Timer control register interrupt mask bit (bit 6) is 
set toa‘’l”’. 

All data direction register bits are cleared to a ‘'0"’ 
(inputs). 

Stack pointer is set to $007F. 

The address bus is forced to the reset vector 
(STFFE,SIFFR). 

Condition code register interrupt mask bit (I) is set to 
avy". 

— STOP and WAIT latches are reset. 

— External interrupt latch is reset. 


All other functions, such as other registers (including out- 


put ports) the timer, etc., are not cleared by the reset condi- 
tions. 


INTERRUPTS 


The CDP6805E2 is capable of operation with three dif- 
ferent interrupts, two hardware (timer interrupt and external 
interrupt) and one software (SWI). When any of these inter- 
rupts occur, normal processing is suspended at the end of 
the current instruction execution. All of the program 
registers (the machine state) are pushed onto the stack; refer 
to Figure 14 for stacking order. The appropriate vector point- 
ing to the starting address of the interrupt service routine is 
then fetched; refer to Figure 15 for the interrupt sequence. 

The priority of the various interrupts from highest to 
lowest is as follows: 


RESET — *— External Interrupt Timer Interrupt 


TIMER INTERRUPT — If the timer mask bit (TCR6) is 


cleared, then each time the timer decrements to zero (transi- 
tions from $01 to $00) an interrupt request is generated. The 


actual processor interrupt is generated only if the interrupt 


*Any current instruction including SWI. 
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mask bit of the condition code register is also cleared. When 
the interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I-bit in the condition code 
register is set. This masks further interrupts until the present 
one is serviced. The processor now vectors to the timer in- 
terrupt service routine. The address for this service routine is 
specified by the contents of $1FF8 and $1FF9. The contents 
of $1FF6 and $1FF7 specify the service routine. Also, 
software must be used to clear the timer interrupt request bit 
(TCR7). At the end of the timer interrupt service routine, the 
software normally executes an RTI instruction which restores 
the machine state and starts executing the interrupted 
program. 


EXTERNAL INTERRUPT — If the interrupt mask bit of the 
condition code register is cleared and the external interrupt 
pin [RO is “low,’’ then the external interrupt occurs. The ac- 
tion of the external interrupt is identical to the timer interrupt 
with the exception that the service routine address is 
specified by the contents of $1FFA and $1FFB. The interrupt 
logic recognizes both a ‘‘wire ORed”’ level and pulses on the 
external interrupt line. Figure 16 shows both a functional 
diagram and timing for the interrupt line. The timing diagram 
shows two different treatments of the interrupt line (IRQ) to 
the processor. The first configuration shows many interrupt 
lines “‘wire ORed” to form the interrupts at_the processor. 
Thus, if after servicing an interrupt the IRQ remains low, 
then the next interrupt is recognized. The second method is 
single pulses on the interrupt line spaced far enough apart to 
be service. The minimum time between pulses is a function 
of the length of the interrupt service routine. Once a pulse 
occurs, the next pulse should not occur until the MPU 
software has exited the routine (an RTI occurs). This time 
(tiLIL) is obtained by adding 20 instruction cycles (one cycle 
teyc=5/foscy to the total number of cycles it takes to 
complete the service routine including the RTI instruction; 
refer to Figure 6. 


SOFTWARE INTERRUPT (SWI) — The software interrupt 
iS an executable instruction. The action of the SWI instruc- 
tion is similar to the hardware interrupts. The SWI is ex- 
ecuted regardless of the state of the interrupt mask in the 
condition code register. The service routine address is 
specified by the contents of memory locations $1FFC and 
$1FFD. See Figure 15 for Interrupt and Instruction Process- 
ing Flowchart. 

The following three functions are not strictly interrupts; 
however, they are tied very closely to the interrupts. These 
functions are RESET, STOP, WAIT. 


RESET — The RESET input pin and the internal Power-on 
Reset function each cause the program to vector to an in- 
itialization program. This vector is specified by the contents 
of memory locations $1FFE and S1FFF. The interrupt mask 
of the condition code register is also set. Refer to RESET 
section for details. 
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Fig. 15 - Interrupt and instruction processing flowchart. 
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(a) Interrupt Functional Diagram 
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| Bit (CCR) 
Power-On Reset 
External Reset 
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Being Serviced 
(ob) Interrupt Mode Diagram 
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IRQ] | | (If after servicing an interrupt the IRQ re- 
- mains low, then the next interrupt is re- 
bs cognized) 
e 
{RQn | | 
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LIL execute the interrupt service routine plus 
20 teyc cycles. 
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Fig. 16 - External interrupt. 
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STOP — The STOP instruction places the CDP6805E2 in 
a low power consumption mode. In the STOP function the 


internal oscillator is turned off, causing all internal process- 
ing and the timer to be halted; refer to Figure 17. The DS and 
AS lines go to a low state and the R/W line goes to a high 
state. The multiplexed address/data bus goes to the data in- 
put state. The high order address lines remain at the address 
of the next instruction. The MPU remains in the STOP mode 
until an external interrupt or reset occurs; refer to Figure 8 
and 17. 

During the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pending timer interrupt re- 
quests and to disable any further timer interrupts. External 
interrupts are enabled in the condition code register. All 
other registers and memory remain unaltered. All I/O lines 


remain unchanged. 


Stop Oscillator 
And All Clocks 
TCR Bit 7—0 
Bit 6— 1 
Clear | Mask 


External 


No Interrupt? 


| Turn on Oscillator 


Wait for Time 
Delay to Stabilize 


Fetch External Interrupt 
or Reset Vector 
Fig. 17 - Stop function flowchart. 


WAIT — The WAIT instruction places the CDP6805E2 in 
a low power consumption mode, but the WAIT mode con- 
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sumes somewhat more power than the STOP mode; refer to 
Table 1. In the WAIT function, the internal clock is disabled 
from all internal circuitry except the Timer circuit; refer to 
Figure 18. Thus, all internal processing is halted except the 
Timer which is allowed to count in a normal sequence. The 
R/W line goes to a high state, the multiplexed address/data 
bus goes to the data input state, and the DS and AS lines go 
to the low state. The high order address lines remain at the 
address of the next instruction. The MPU remains in this 
state until an external interrupt, timer interrupt, or a reset oc- 
curs; refer to Figures 7 and 18. 

During the WAIT mode, the I-bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memc.y, and I/O lines remain in their last state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode.|f an external and a timer interrupt occur at the same 
time, the external interrupt is serviced first; then, if the timer 
interrupt request is not cleared in the external interrupt 
routine, the normal timer interrupt (not the timer WAIT inter- 
rupt) is serviced since the MCU is no longer in the WAIT 
mode. 

TIMER 

The MPU timer contains a single 8-bit software program- 
mable counter with 7-bit software selectable prescaler. The 
counter may be preset under program control and 
decrements towards zero. When the counter decrements to 
zero, the timer interrupt request bit, |.e., bit'7 of the Timer 
Control Register (TCR) is set. Then if the timer interrupt is 
not masked, i.e., bit 6 of the TCR and the I-bit in the Condi- 
tion Code Register are both cleared, the processor receives 
an interrupt. After completion of the current instruction, the 
processor proceeds to store the appropriate registers on the 
stack, and then fetches the timer vector address from loca- 
tions $1FF8 and $1FF9 in order to begin servicing the inter- 
rupt, unless it was in locations $1FF6 and $1FF7 the WAIT 
mode. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer interrupt request bit was 
set. The counter may be read at any time by the processor 
without disturbing the count. The contents of the counter 
becomes stable prior to the read portion of a cycle and does 
not change during the read. The timer interrupt request bit 
remains set until cleared by the software. If this happens 
before the timer interrupt is serviced, the interrupt is lost. 
TCR7 may also be used as a Scanned status bit in a non- 
interrupt mode of operation (TCR6= 1). 

The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
Output which is used as the counter input. The processor 
cannot write into or read from the prescaler; however, its 
contents are cleared to all ‘O's’ by the write operation into 
TCR when bit 3 of the written data equals 1, which allows for 
truncation-free counting. 

The Timer input can be configured for three different 
operating modes, plus a disable mode depending on the 
value written to the TCR4, TCR5 control bits. Refer to the 
TIMER CONTROL REGISTER section. 


Timer Input Mode 1 — If TCR4 and TCR are both pro- 
grammed to a ‘‘0’’, the input to the Timer is from an internal 
clock and the Timer input is disabled. The internal clock 
mode can be used for periodic interrupt generation, as well 
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Fig. 18 - Wait function flowchart. 


as a reference in frequency and event measurement. The in- 
ternal clock is the instruction cycle clock and is coincident 
with Address Strobe (AS) except during a WAIT instruction. 
During a WAIT instruction the AS pin goes to a low state but 
the internal clock to the Timer continues to run at its normal 
rate. 


Timer Input Mode 2 — With TCR4=1 and TCR5=0, the 
internal clock and the TIMER input pin are ANDed together 
to form the Timer input signal. This mode can be used to 
measure external pulse widths. The external pulse simply 
turns on the internal clock for the duration of the pulse. The 
resolution of the count in this mode is +1 clock and 
therefore accuracy improves with longer input pulse widths. 


Timer Input Mode 3 — If TCR4=0 and TCR5=1, then all 
inputs to the Timer are disabled. 


Timer Input Mode 4 — If TCR4=1 and TCR5=1, the in- 
ternal clock input to the Timer is disabled and the TIMER in- 
put pin becomes the input to the Timer. The external Timer 
pin can, in this mode, be used to count external events 
as wellas external frequencies for generating periodic inter- 
rupts. 


Figure 19 shows a block diagram of the Timer subsystem. 
Power-on Reset and the STOP instruction cause the counter 
to be set to $FO. 
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Software Functions 


1. Prescaler and 8-bit counter are clocked falling edge of the internal clock (AS) or external input. 
2. Counter is written to during Data Strobe (DS) and counts down continuously. 
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Fig. 19 - Timer block diagram. 


Timer Control Register (TCR) 


7 6 5 4 3 Z 1 0 
TCR7} TCR6 | TCRS | TCR4} TCR3 | TCR2} TCR1 | TCRO 
All bits in this register except bit 3 are Read/Write bits. 


TCR7 — Timer interrupt request bit: bit used to indicate 
the timer interrupt when it is logic ‘1"’. 
1 — Set whenever the counter decrements to zero, or un- 
der prograrn control. 
Q — Cleared on external reset, power-on reset, STOP in- 
struction, Or program control. 


TCR6 — Timer interrupt mask bit: when this bit is a logic 
“1 it inhibits the timer interrupt to the processor. 
1 — Set on external reset, power-on reset, STOP instruc- 
tion, Or program control. 
OQ — Cleared under program control. 


TCRS5 — External or internal bit: selects the input clock 
source to be either the external timer pin or the internal 
clock. (Unaffected by RESET.) 

1 — Select external clock source. 

0 — Select internal clock source (AS). 


TCR4 — External enable bit: control bit used to enable the 
external timer pin. (Unaffected by RESET.) 

1 — Enable external timer pin. 

0 — Disable external timer pin. 


ron - 


iInternal clock (AS) to Timer 


AND of internal clock (AS) and TIMER 
pin to Timer 


Boe ee Inputs to Timer disabled 


Refer to Figure 19 for Logic Representation. 


TCR3 — Timer Prescaler Reset bit: writing a‘'1"’ to this bit 
resets the prescaler to zero. A read of this location always in- 
dicates a ‘‘0."’ (Unaffected by RESET.) 


TCR2, TCR1, TCRO — Prescaler address bits: decoded to 
select one of eight taps on the prescaler. (Unaffected by 
RESET.) 


Prescaler 
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INSTRUCTION SET 


The MPU has a set of 61 basic instructions. They can be 
divided into five different types: register/memory, 
read/modify/write, branch, bit manipulation, and control. 
The following paragraphs briefly explain each type. All the 
instructions within a given type are presented in individual 
tables. 


REGISTER/MEMORY INSTRUCTIONS — Most of these 
instructions use two operands. One operand is either the ac- 
cumulator or the index register. The other operand is obtain- 
ed from memory using one of the addressing modes. The 
jump unconditional (JMP) and jump to subroutine (JSR) in- 
structions have no register operand. Refer to Table 4. 


READ/MODIFY/WRITE INSTRUCTIONS — These in- 
structions read a memory location or a register, modify or 
test its Contents, and write the modified value back to 
memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/modify/write 
sequence since it does not modify the value. Refer to 
Table 5. 


BRANCH INSTRUCTIONS — This set of instructions 
branches if a particular condition is met, otherwise no opera- 
tion is performed. Branch instructions are two byte instruc- 
tions. Refer to Table 6. 


BIT MANIPULATION INSTRUCTIONS — The MPU is 
capable of setting or clearing any bit which resides in the first 
256 bytes of the memory space, where all port registers, port 
DDRs, timer, timer control, and on-chip RAM reside. An ad- 
ditional feature allows the software to test and branch on the 
state of any bit within these 256 locations. The bit set, bit 
clear and bit test and branch functions are all implemented 
with a single instruction. For the test and branch instructions 
the value of the bit tested is also placed in the carry bit of the 
Condition Code Register. Refer to Table 7 for instruction cy- 
cle timing. 


CONTROL INSTRUCTIONS — These instructions are 
register reference instructions and are used to control pro- 
cessor operation during program execution. Refer to Table 8 
for instruction cycle timing. 

ALPHABETICAL LISTING — The complete instruction set 
is given in alphabetical order in Table 9. 


OPCODE MAP SUMMARY — Table 10 is an opcode map 
for the instructions used on the MCU. 


ADDRESSING MODES 


The MPU uses ten different addressing modes to give the 
programmer an opportunity to optimize the code to all situa- 
tions. The various indexed addressing modes make it possi- 
ble to locate data tables, code conversion -tables and scaling 
tables anywhere in the memory space. Short indexed ac- 
cesses are single byte instructions, while the longest instruc- 
tions (three bytes) permit tables throughout memory. Short 
and long absolute addressing is also included. Two byte 
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direct addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instructions 
to reach all memory. Table 9 shows the addressing modes 
for each instruction, with the effects each instruction has on 
the Condition Code Register. An opcode map is shown in 
Table 10. 

The term ‘Effective Address” or EA is used in describing 
the various addressing modes, which is defined as the ad- 
dress to or from which the argument for an instruction is fet- 
ched or stored. The ten addressing modes of the processor 
are described below. Parentheses are used to indicate ‘‘con- 
tents of,’’ an arrow indicates ‘‘is replaced by’ and a colon in- 
dicates concatenation of two bytes. 


Inherent — In inherent instructions all the information 
necessary to execute the instruction is contained in the op- 
code. Operations specifying only the index register or ac- 
Cumulator, and no other arguments, are included in this 
mode. 


Immediate — In immediate addressing, the operand is 
contained in the byte immediately following the opcode. |m- 
mediate addressing is used to access constants which do not 
change during program execution (e.g., a constant used to 
initialize a loop counter). 


EA=PC+1; PC—PC+2 


Direct — In the direct addressing mode, the effective ad- 
dress of the argument is contained in a single byte following 
the opcode byte. Direct addressing allows the user to direct- 
ly address the lowest 256 bytes in memory with a single two 
byte instruction. This includes all on-chip RAM and |/O 
registers and up to 128 bytes of off-chip ROM. Direct ad- 
dressing is efficient in both memory and speed. 


EA=(PC+1); PC—PC+2 
Address Bus High—0; Address Bus Low~—(PC + 1) 


Extended — In the extended addressing mode, the effect- 
ive address of the argument is contained in the two bytes 
following the opcode. Instructions with extended addressing 
modes are capable of referencing arguments anywhere in 
memory with a single three byte instruction. 


EA=(PC+1):(PC +2); PC—PC+3 
Address Bus High—(PC+ 1); Address Bus Low=—(PC + 2) 


Indexed, No-Offset — In the indexed, no offset addressing 
mode, the effective address of the argument is contained in 
the 8-bit index register. Thus, this addressing mode can ac- 
cess the first 256 memory locations. These instructions are 
only one byte long. This mode is used to move a pointer 
through a table or to address a frequently referenced RAM or 
1/O location. 

EA=X; PC-PC+1 
Address Bus High-0; Address Bus Low X 


Function 
Load A from Memory 
Load X from Memory 
Store A in Memory 
Store X in Memory 


Add Memory to A 
Add Memory and 
Carry to A 


Subtract Memory 


Subtract Memory from 
A with Borrow SBC 


AND Memory to A AND 
Exclusive OR Memory EOR AB ; 
with A 


Arithmetic Compare A CMP Al 2 
with Memory 


Arithmetic Compare X 
with Memor 


| Bit Test Memory with 
A (Logical Compare) Bit pe 
Jump Uncondrtional | ymP_ | — | — | 
i ae ae 


Jump to Subroutine 


@) 
ae) 
x< 
B 
es) 


increment _——S*dPSNC SY aC Pt 
Complernent 


Negate 
(2's Complement) NES 


Pee 


Rotate Right Thru 
Carry 


Logical Shift Left ist | 48 | 


Logical Shift Right 


Arithmetic Shift Right ASR 


Test for Negative 
or Zero = 


Inherent (A) 
Op # # Op # Op # # @) # # Op # # 
Function Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles 
Eee a: 
1 


TABLE 4 — REGISTER/MEMORY INSTRUCTIONS 
Addressing Modes 


: indexed indexed indexed 
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TABLE 6 — BRANCH INSTRUCTIONS 
Relative Addressing Mode 


O # 


Branch |FF Higher a 


oh: 


Cycles 


are 


Branch IFF Carry Set 


I BOS. 1 
(Branch IFF Lower) 
PBranch FF Not Equal _——=S~wC*«éNE CS 
Branch IFF Equal | = BEQ 


Branch IFF Interrupt Mask Bit is Set 
Branch IFF Interrupt Line is Low 


Branch IFF Interrupt Line is High 
Branch to Subroutine 


NOP NM] Bh 
O|] wo] > 


mn 


NO} PR} NS 
m| © Tc 


AD 


TABLE 7 — BIT MANIPULATION INSTRUCTIONS 
Addressing Modes 


Bit seen Bit Test ane Branch 


Op Op 
Code _— Le ee eve 


Branch IFF Bit nis Set BRSETnin=0..7)}| - | - | 


Function Mnemonic 


Set Bit n BSETnin=0...7) [10+2n[ 2 [6 ft - f= 
[Clearsitn | CLR nin=0..7) [i+2mnf 2 | 5 | ed 


TABLE 8 — CONTROL INSTRUCTIONS 


Inherent 


Op # 
Code Bytes 
7 | 


Transfer A to X 
Transfer X toA TXA OF 


1 
[Ser Corry Bt +d; sed | tT 
[esr Cam eh [ce fe | 
SE 3 
eames a oA | 
= 


— 


ne ee ee eee 
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TABLE 9 — INSTRUCTION SET 
Addressing Modes Condition Codes 


| . . dea | Reletive| ..'"dexed | Indexed] indexed | 8" 
Mnemonic | Inherent | Immediate Direct Extende elative (No Offset) | (8 Bits) | (16 Bits) a 
ADD 
3 

ASR Xx 


io) 
@ 

- 
~~ 


X 
X 
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Xx ree 
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x [oe aca | 
ee eee a 
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| BMC | | | oe, ae |ele | 
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BRN ae 7 jeolele | 
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——— ets 
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[@jelele | 
ean! eee jel e@leio | 
a” jo, @ ;ele | 
X Lele, 0. ife | 
CMP X x 
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XxX [|X Ale | 
Ne re 
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| Tf PAT Ale@ 
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x ff fT @felaAlaAlse | 
SUB x reef a tata 
Swi x eet eer NS IEE 
TAX X eas! aaa) BRIRIZRIZIES 
Pu AG Pe 1 aaa ee eee 
wart tx a 


Condition Code Symbols 


H Half Carry (From Bit 3) A Test and Set if True. Cleared Otherwise. 
| Interrupt Mask @ Not Affected 

N Negative (Sign Bit) ? Load CC Register From Stack 

Z Zero Q Cleared 

C Carry/ Borrow 1 Set 


TABLE 10 — CDP6805E2 INSTRUCTION SET OPCODE MAP 
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Abbreviations for Address Modes LEGEND 

INH Inherent Opcode in 

IMM Immediate Hexadecimal 

DIR Direct 

EXT Extended Opcode in Binary 

REL Relative Mnemonic re) 

BSC Bit Set/ Clear Bytes 

BTB Bit Test and Branch O 

Ix Indexed (No Offset) # of Cycles Address Mode BS, 

1X1 indexed, 1 Byte (8-Bit) Offset CO 

1X2 Indexed, 2 Byte (16-Bit) Offset Oo 

* CMOS Versions Only gi 

mos 
NY ao 
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Indexed, 8-bit Offset — Here the EA is obtained by adding 
the contents of the byte following the opcode to that of the 
index register. The operand is therefore located anywhere 
within the lowest 511 memory locations. For example, this 
mode of addressing is useful for selecting the m-th element in 
an n element table. All instructions are two bytes. The con- 
tents of the index register (X) is not changed. The contents 
of (PC +1) is an unsigned 8-bit integer. One byte offset in- 
dexing permits look-up tables to be easily accessed in either 
RAM or ROM. 

EA=X+(PC+1); PC—PC+2 
Address Bus HighK; Address Bus Low—X+ (PC + 1) 
Where: K= The carry from the addition of X+(PC + 1) 


Indexed, 16-Bit Offset — In the indexed, 16-bit offset ad- 
dressing mode the effective address is the sum of the con- 
tents of the unsigned 8-bit index register and the two un- 
signed bytes following the opcode. This addressing mode 
can be used in a manner similar to indexed 8-bit offset, ex- 
cept that this three byte instruction allows tables to be 
anywhere in memory (e.g., jump tables in ROM).'The con- 


tent of ithe index register is not changed. 


EA=X+[(PC+1):(PC+2)]; PC—PC+3 
Address Bus High—(PC + 1)+K; 
Address Bus Low—X+ (PC + 2) 
Where: K= The carry from the addition of X+ (PC + 2) 


Relative — Relative addressing is only used in branch in- 
structions. In relative addressing the contents of the 8-bit 
signed byte following the opcode (the offset) is added to the 
PC if and only if the branch condition is true. Otherwise, 
control proceeds to the next instruction. The span of relative 
addressing is limited to the range of —126 to +129 bytes 
from the branch instruction opcode location. 


A8-A12 


CDP6805E2 
CMOS 
Microprocessor 


BO-B7 


Address 
Decode 


Address/ Data Bus 
Address Strobe 
fa Read/Write 


——{ Interrupt —e 
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EA=PC+2+(PC+1); PC~—EA if branch taken; 
otherwise PC—PC+2 


Bit Set/Ciear — Direct addressing and bit addressing are 
combined in instructions which set and clear individual 
memory and I/O bits. In the bit set and clear instructions, the 
byte is specified as a direct address in the location following 
the opcode. The first 256 addressable locations are thus ac- 
cessed. The bit to be modified within that byte is specified 
with three bits of the opcode. The bit set and clear instruc- 
tions occupy two bytes, one for the opcode (including the bit 
number) and the second to address the byte which contains 
the bit of interest. 


EA=(PC+1); PC—PC+2 
Address Bus High—0; Address Bus Low—(PC + 1) 


Bit Test and Branch — Bit test and branch is a combina- 
tion of direct addressing, bit addressing and relative address- 
ing. The bit address and condition (set or clear) to be tested 
is part of the opcode. The address of the byte to be tested is 
in the single byte immediately following the opcode byte 
(EA1). The signed relative 8-bit offset is in the third byte (EA2) and 
is added to the PC if the specified bit is set or clear in the 
specified memory location. This single three byte instruction 
allows the program to branch based on the condition of any 
bit in the first 256 locations of memory. 


EA1=(PC+ 1) 
Address Bus High—0; Address Bus Low—(PC + 1) 
EA2=PC+3+(PC+2); PC-—EA2 if branch taken; 
otherwise PC—PC+3 


SYSTEM CONFIGURATION 
Figures 20 through 25 show in general terms how the 
CDP6805E2 bus structure may be utilized. Specified inter- 
face details vary with the various peripheral and memory 
devices employed. 


Typical CMOS 
Peripheral 


ADO-AD7 


92CS-38035 


Fig. 20 - Connection to CMOS peripherals. 
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Address 


Decode Chip 


CDP6805E2 CMOS 
Multiplexed 
A8-A12 Memory 


Al0 | cpPp65516 


ADQO0-ADQ7 


92CS-38036 


Fig. 21 - Connection to CMOS multiplexed memories. 


A8-A12] 


CDP6805E2 Peripherals 


Address/ Data Bus 


NOTE: In some cases, pullup resistors or other level- 


shifting techniques may be required on signals 


92CS-38037 
going fron NMOS to CMOS parts. 


Fig. 22 - Connection to peripherals. 
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BO-B7 Address/Data Bus 


CDP6805E2 
Non-Muxed 


Address YA0-A7 ROM or 
EPROM 


Address 


Output 


Read/ 
—— | Write Read Address Enable 


Address Chip 
Strobe Enable 


92CS-38038 
Fig. 23 - Connection to latch non-multiplexed CMOS ROM or EPROM. 
CDP6805E2 CMOS 
CMOS Static 
Microprocessor 
BO-B7 Address/ Data Bus 
Address aed 
Strobe 
Address 
Chip 
Enable 
92CS-38039 


Fig. 24 - Connection to static CMOS RAMs. 
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Address/ Data Bus 


“ae 
Address Non-Muxed 


CDP6805E2 A0-A7 
RAM 


Address 


Data Output 


Strobe Address Enable 
Decode 


Address 
Strobe 
Chip 
Enable 


92CS-38040 


Fig. 25 - Connection to latched non-multiplexed CMOS RAM. 
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Table 11 provides a detailed description of the information pected results during debug of both software and hardware 
present on the Bus, the Read/Write (R/W) pin and the Load as the control program is executed. The information is 
Instruction (LI) pin during each cycle for each instruction. categorized in groups according to addressing mode and 

This information is useful in comparing actual with ex- number of cycles per instruction. 


TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION 


Inherent 


1 Op Code Address 1 1 Op Code 
3 2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Op Code Address 1 0 Op Code Next Instruction 
D 1 Op Code Address 1 Op Code 
RSP WAIT NOP TXA 2 Op Code Address 1 0 Op Code Next Instruction 


Op Code Address 
Op Code Address + 1 
Stack Pointer 

| Stack Pointer +1 

| Stack Pointer +2 
New Op Code Address 


Op Code Address 
Op Code Address + 1 

Stack Pointer 

Stack Pointer — 1 

Stack Pointer —2 

Stack Pointer —3 

Stack Pointer —4 

Vector Address 1FFC (Hex) 
Vector Address 1FFD (Hex) 
Interrupt Routine Starting Address 


Op Code 
Op Code Next Instruction 
Irrelevant Data 

Irrelevant Data 

Irrelevant Data 

New Op Code 
Op Code 
Op Code Next Instruction 

Return Address (LO Byte) 
Return Address (HI Byte) 
Contents of Index Register 
Contents of Accumulator 
Contents of CC Register 
Address of Int. Routine (HI Byte) 
Address of Int. Routine (LO Byte) 
Interrupt Routine First Opcode 


RTS 6 
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ro) 
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Op Code Address 1 Op Code 
Op Code Address + 1 1 Op Code Next Instruction 
Stack Pointer 1 Irrelevant Data 
Stack Pointer +1 1 Irrelevant Data 
RT| Stack Pointer +2 1 Irrelevant Data 
Stack Pointer +3 1 Irrelevant Data 
Stack Pointer +4 1 Irrelevant Data 
Stack Pointer +5 1 Irrelevant Data 
New Op Code Address 1 New Op Code 
immediate 


Op Code Address 
Op Code Address + 1 


Op Code 
Operand Data 


Bit Set/ Clear 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand 
Address of Operand 


Op Code 
Address of Operand 
Operand Data 
Operand Data 
Manipulated Data 


BSET n 
BCLR n 


Bit Test and Branch 


1 Op Code Address 1 1 Op Code 
BRSET n 2 Op Code Address + 1 1 0 Address of Operand 
BRCLR n 3 Address of Operand 1 0 Operand Data 

4 Op Code Address +2 1 0 Branch Offset 

5 Op Code Address +2 1 0 Branch Offset 
Relative 


Op Code Address 
Op Code Address + 1 
Op Code Address +1 


Op Code 
Branch Offset 
Branch Offset 


Op Code 
Branch Offset 
Branch Offset 
First Subroutine Op Code 
Return Address (LO Byte) 
Return Address (HI Byte) 


> — oo 
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Op Code Address 


Op Code Address +1 

Op Code Address + 1 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 


oOo 2 S — wa 
oo0o0o 0O— 
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TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 


Address Mode R/W LI | 
a =e 
MP 9 1 Op Code Address Op Code 
: 2 Op Code Address + 1 Jump Address 


ft ae ee Op Code Address Op Code 
Op Code Address + 1 Address of Operand 


AND ORA BIT 
SBC CMP SUB Address of Operand Operand Data 
| Op Code 


Address of Operand 


1 
1 


Op Code Address 
Op Code Address + 1 


TST Address of Operand Operand Data 
Op Code Address +2 Op Code Next Instruction 
Op Code Address Op Code 

STA Op Code Adrress + 1 Address of Operand 

STX Op Code Address +1 Addréss of Operand 


Address of Operand 


Op Code Address 

Op Code Address + 1 
Operand Address 

Operand Address 

Operand Address 

Op Code Address 

Op Code Address + 1 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer — 1 


Operand Data 


Op Code 

Address of Operand 
Current Operand Data 
Current Operand Data 
New Operand Data 


Op Code 
Subroutine Address (LO Byte) 
ist Subroutine Op Code 
Return Address (LO Byte) 
Return Address (HI Byte) 


Extended 


Op Code Address 
Op Code Address +1 
Op Code Address +2 


Op Code Address 

Op Code Address + 1 
Op Code Address +2 
Address of Operand 


Op Code Address 

Op Code Address + 1 
Op Code Address +2 
Op Code Address +2 
Address of Operand 


Op Code Address 

Op Code Address + 1 

Op Code Address +2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer -—1 


Op Code Address 
Op Code Address +1 


Op Code Address 
Op Code Address +1 
Index Register 


Op Code 
Jump Address (HI Byte) 
Jump Address (LO Byte) 


Op Code 

Address Operand (HI Byte) 
Address Operand (LO Byte) 
Operand Data 


Op Code 

Address of Operand (HI Byte) 
Address of Operand (LO Byte) 
Address of Operand (LO Byte) 
Operand Data 


Op Code ; 
Address of Subroutine (HI Byte) 
Address of Subroutine (LO Byte) 
Ist Subroutine Op Code 

Return Address (LO Byte) 

Return Address (HI Byte) 


JMP 


ADC BIT ORA 
ADD CMP LDX 
AND EOR SBC 
CPX LDA SUB 


OnnRWNH —-|NARwWN —-|RWND = 


Indexed, No-Offset 


Op Code 
JMP Op Code Next Instruction 
ADC EOR CPX = 


ADD LDA LDX 


Op Code 
Op Code Next Instruction 
Operand Data 


Op Code 
Op Code Next Instruction 


AND ORA BIT 
SBC CMP SUB 


Op Code Address 
Op Code Address +1 


2 
3 
4 
4 


pon Index Register Operand Data 
; Op Code Address +1 Op Code Next Instruction 
Op Code Address Op Code 
STA Op Code Address + 1 Op Code Next Instruction 
STX Op Code Address + 1 Op Code Next Instruction 


Index Register 


Op Code Address 

Op Code Address +1 
Index Register 

Index Register 

index Register 

Op Code Address 

Op Code Address + 1 
Index Register 
Stack Pointer 
Stack Pointer — 1 


Operand Data 


LSL LSR DEC 
ASR NEG INC 
CUR-:BOL 
COM ROR 


Op Code Next Instruction 
Current Operand Data 
Current Operand Data 
New Operand Data 


qocoor-:a00—- 


Op Code Next Instruction 
ist Subroutine Op Code 

Return Address (LO Byte) 
Return Address (H! Byte) 


Bs ital 


eS ; 
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TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 


Instructions 
Indexed 8-Bit Offset | 
1 
3 2 
3 
1 
2 
4 3 
4 


Address Bus 


Op Code Address 
Op Code Address 
Op Code Address 


Op Code Address 

Op Code Address + 1 
Op Code Address +1 
Index Register + Offset 
Op Code Address 
Op Code Address + 1 
Op Code Address +1 
Op Code Address +1 
Index Register + Offset 


Op Code Address 
Op Code Address +1 


+1 
+1 


JMP 


ADC EOR CPX 
ADD LDA LDX 


AND ORA CMP 
SUB BIT SBC 


TST Op Code Address +1 
Index Register + Offset 
Op Code Address +2 
Op Code Address 
ESL.USR Op Code Address + 1 
ASR NEG 
Op Code Address +1 
CLR ROL 
Index Register + Offset 
COM ROR 
DEC INC Index Register + Offset 
Index Register + Offset 
Op Code Address 
Op Code Address + 1 
JSR Op Code Address + 1 


Index Register + Offset 
Stack Pointer 
Stack Pointer — 1 


oo Oo0co 0O -/(o00 000 —-;/00 00 -j;0 000 — 


Indexed, 16-Bit Offset 
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Data Bus 


Operand Data 


Offset 

Offset 

Offset 
Operand Data 
Op Code 
Offset 
Offset 
Operand Data 

Op Code Next Instruction 


Op Code 

Offset 

Offset 

Current Operand Data 
Current Operand Data 
New Operand Data 

Op Code 

Offset 

Offset 

Ist Subroutine Op Code 
Return Address LO Byte 
Return Address Hi Byte 


Op Code Address 
Op Code Address 
Op Code Address 
Op Code Address 
Op Code Address 
Op Code Address 
Op Code Address +2 

Op Code Address +2 

Index Register + Offset 


Op Code Address 

Op Code Address +1 
Op Code Address +2 
Op Code Address +2 
Op Code Address +2 
Index Register + Offset 


Op Code Address 
Op Code Address + 1 
Op Code Address +2 
Op Code Address +2 
Index Register + Offset 
Stack Pointer 
Stack Pointer — 1 


JMP ee 


ADC CMP SUB 
ADD EOR SBC 
AND ORA 
CPX LDA 

BIT LDX 


+14 


STA 
STX 


JSR 7 


SOO WH HID OH W ND — 


oooo0o0o- 


Op Code 
Offset (HI Byte) 


Offset (LO Byte) 
Offset (LO Byte) 
Op Code 

Offset (H| Byte) 
Offset (LO Byte) 
Offset (LO Byte) 
Operand Data 


Op Code 

Offset (HI Byte) 
Offset (LO Byte) 
Offset (LO Byte) 
Offset (LO Byte) 
Operand Data 


Op Code 
Offset (HI Byte) 

Offset (LO Byte) 

Offset (LO Byte) 

Ist Subroutine Op Code 
Return Address (LO Byte) 
Return Address (HO Byte) 


| 
| 
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Instructions 


Other Functions 


Hardware RESET 


Power on Reset 


IRQ Interrupt 
(Timer Vector $1FF8, $1FF9) 


TABLE 11 — SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 


RESeT| RW! ou 


Irrelevant Data 
Irrelevant Data 
Irrelevant Data 


Cycles # 


SIFFE 
S1FFE 
SIFFE 
SIFFE 
S1FFE 
SIFFE 


Reset Vector 


SIFFE 
S1FFF 


Reset Vector 


1922 


Last Cycle of Previous 
Instruction 


Next Op Code Address 
Next Op Code Address 


SP 

SP-1 
SP-2 
SP-3 
SP-4 


Oman Oar WN — 


S1FFB 


Technology 

Number of Pins 

On-Chip RAM (Bytes) 
On-Chip User ROM (Bytes) 
External Bus 


— 
© 


Bidirectional I/O Lines 
Unidirectional |/O Lines 
Other !/O Features 
External Interrupt Inputs 
EPROM Version 

STOP and WAIT 


S1FFA. 


TRO Vector 


Address Bus 
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-|-=---28 
-[-=---2- 


p= -ceccen= x 
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Irrelevant Data 
Vector High 
Vector Low 
Op Code 


Irrelevant Data 


Irrelevant Data 
Vector High 
Vector Low 
Op Code 


x 


Irrelevant Data 

Irrelevant Data 

Return Address (LO Byte) 
Return Address (HI Byte) 
Contents Index Reg 
Contents Accumulator 
Contents CC Register 
Vector High 

Vector Low 

Int Routine First 
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CDP6805E3 Palmhayoaa 
CMOS 8-Bit Microprocessor 


Hardware Features: 


64K address space version of CMOS 6805E2 

Typical full speed operating power of 35 mW @5 V 
Typical WAIT mode power of 5 mW 

Typical STOP mode power of 25 uW 

112 bytes of on-chip RAM 

13 bidirectional I/O lines 

Internal 8-bit timer with software programmable 7-bit prescaler 
External timer input 

Full external and timer interrupts 

Multiplexed address/data bus 

Master reset and power-on reset 

Capable of addressing up to 64K bytes of external memory 
Single 3- to 6- volt supply 

On-chip oscillator 

40-pin dual-in-line package 


TOP VIEW 
92CS-37179 


TERMINAL ASSIGNMENT 


The CDP6805E3 Microprocessor Unit (MPU) belongsto the Software Features: 


CDP6805 Family of Microcomputers. This 8-bit fully static " S/milar to the CDP6805E2, F2, G2. 
and expandable microprocessor contains a CPU, on-chip 8 Efficient use of program space 
RAM, I/O, and TIMER. Itis alow-power, low-cost processor ® Versatile interrupt handling 
designed for mid-range applications in the consumer, ® /rue bit manipulation 
automotive, industrial, and communications markets where ™ Addressing modes with indexed addressing for tables 
very low power consumption constitutes animportantfactor. ™ Efficient instruction set 
The major features of the CDP6805E3 are listed under ™ Memory mapped |/O 
“Hardware Features” and “Software Features”. = Two power savings standby modes 

OSC! Osc2 RESET = LI RO 

3 2 


37 p a Timer/ 391 38 


PAO 
ress 
Port " A Dir Index Bus 
A PA3 Reg Reg Register 
1/0 pag ag g - 
inves Condition 
Code 
5 Register cc 
Stack 
Pointer 
6 SP 
Program Address Address 
Counter Drive Bus 
36 5 High PCH 
PBO P 
rogram 
PBI 35 Counter 
34 Port Data 8 Low PCL 
PB2 D 
Port 33 8 7 
B PB3 Reg Reg 
_ O  pp4ae22 
ines 
PB5 «2! 
30 
PB6 am 6 AS Address Strobe 
PB7 112x8 Bus 4 


DS Data Strobe (2) 
R/W Read/Write 


RAM Control 


Fig. 1 - Block diagram. 
92CS-37185 


File Number 1503 
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1/O Ports 
Access Timer 
Via RAM 
Page 0 
Direct 
Addressing 
External 
Memory 
Space 
(65408 Bytes) 
Interrupt 
Vectors 


| 00 | Port A Data Register 


$FFF6-$FFF7 
$FFF8-$FFF9 

\ 
$FFFA-$FFFB 

\ 
$FFFC-$FFFD 
$FFFE-$FFFF 

127 
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[2] 


Port B Data Register 
External Memory Space 
External Memory Space 


111} PortA DDR 


Port B Data Direction Register 


External Memory 
Space 


oO ON DD OO & W NHN — 


RAM 
(112 Bytes) 


gr Stack (64 Bytes Max) 

7 
a” 
$007F 


Fig. 2 - Address map. 


The CDP6805E3 is identical to the CDP6805E2 (refer to 
CD6805E2 data sheet, File No. 1363, for technical details) 
except that the directly addressable address space has 
been increased from 8K on the E2 to 64K on the E3. To 
maintain the 40-pin package of the E2, the three additional 
required address lines were taken from the three most 
significant bits of PORT A. When reading PORT A Data the 
upper three bits will read as zeros. This allows read-modify- 
write instructions such as INC & DEC to function properly 


CDP6805 FAMILY 


on the lower five bits. When read, the upper three bits of the 
PORT A Data Direction Register will be ones, indicating 
that they are indeed outputs (A13, A14, and A15). 


Another change resulting from the increased address space 
of the E3 is that the five interrupt and reset vectors have 
been moved to locations FFF6 through FFFF. This keeps the 
vectors at the end of memory space. The sequence of the 
vectors remains the same (see Figure 2). 


CDP6805E2 CDP6805E3 CDP6805F2 CDP6805G2 


Technology CMOS 
Number of Pins 4 


On Chip RAM (Bytes) 112 


Undirectional I/O Lines | None | 


Other I/O Features Timer 


it 
On-Chip User ROM (Bytes) | None | None | 1K ~~—~«dY—SsC 
External Bus [Yes [| Yes_| None | __ None 
Bidirectional I/O Lines 32 


External Interrupt Inputs 


STOP and WAIT Yes 


CMOS CMOS CMOS 
a OO 
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Advanced Information/ 


Preliminary Data 


PBO 

PBI 

PB2 
PB3 
PB4 
PB5 
PB6 
PB7 
TOP VIEW 92CS-3503! 


TERMINAL ASSIGNMENT 


Hardware Features: 


# Typical full speed operating power 
of 10 mWat5V 


1 
2 
3 
4 
5 
6 
7 
8 


= Typical STOP mode power of 5 uW 
= 64 bytes of on-chip RAM 

= 7089 bytes of on-chip ROM 

= 16 bidirectional |/O lines 

# 4 input-only lines 


The CDP6805F2 Microcomputer Unit (MCU) belongs to the 
CDP6805 Family of CMOS Microcomputers. This 8-bit 
MCU contains on-chip oscillator CPU, RAM, ROM, I/O, and 
Timer. Fully static design allows operation at frequencies 
down to DC, further reducing its already low-power 
consumption. It is alow-power processor designed for low- 
end to mid-range applicationsin the consumer, automotive, 
industrial, and communications markets where very low 
power consumption constitutes an important factor. 


27 Timer/ 
occoieia| | adil 
Timer Control 


OSC1 OSC2 


4 5 1 


Oscillator 


u Typical WAIT mode power of 3 mW 


RESET 


CMOS High-Performance Silicon-Gate 
8-Bit Microcomputer 


# /nternal 8-bit timer with software 
programmable 7-bit prescaler 

= External timer input 

= External and timer interrupts 

= Master reset and power-on reset 

= Single 3 to 6 volt supply 

» On-chip oscillator 

= 7 us cycle time 


Software Features: 

8 Versatile interrupt handling 

= True bit manipulation 

= 10 addressing modes 

= Efficient instruction set 

= Memory-mapped !/O 

# User-callable self-check routines 
= Two power-saving standby modes 


NUM IRQ 


3 


2 


o> P80 
: Accumulator 5 70 Se bere 
CPU 19 pp3 B 
Index Control Register |Register 2 pp4a |/0 
Register 167 PBS Lines 
pao <«S 8 us TEP BG 
Port PAI 7 Condition PB7 
ri PA2 : Code 
PA3 9 5 Register cc 
1/0 10 
PA4 1 
Lines pas 7 Stack 
PA6 3 Pointer 26 
PA7 ~€- 5 5 aR CO 
Program mane! 
Counter aah C2 
PC3 
3 High PCH ALU 
Program 
Counter 
8 Low PCL 


1089 x 8 64x 8 
ROM RAM 
Self-Check 
ROM 


Fig. 1 - CDP6805F2 CMOS microcomputer 


92CS-37994 


block diagram. 


File Number 1369 
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MAXIMUM RATINGS (Voltages Referenced to Vss) 


All Input Voltages Except OSC1 | Vin [Vgg-0.5 to Vpp +0.5 
Current Drain per Pin Excluding Vpp and Vss Pale 0 
ne 


: 


Operating Temperature Range 


CDP6805F2 TA 0 to 70 
CDP6805F2C — 40 to +85 


Storage Temperature Range — 55 to + 150 


2c 


Vop=4.5V 


4.27 k 
Test Point 
92CS-37995 
Fig. 2 - Equivalent test load. 

t 2.5 
1 
a 
= 6V 
- 
B 2.0 
TT} 
ra 
3 5V 
oO 1.5 
z 
fF 
ce 
we 1.0 
oO 
@) 
al 
< 4ANV 
a 0.5 | 
a i 

0.1 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
INTERNAL FREQUENCY (1/tcye) -MHz ee 


Fig. 3 - Typical operating current vs. internal frequency. 
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DC ELECTRICAL CHARACTERISTICS (Vpp=5 Vdc +10%, Vgg=0 Vdc, TA=TL to TH, unless otherwise noted) (See Note 1) 
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Output Voltage, ILoaqs 10.0 pA 


| Output High Voltage (I, oad = — 200 pA) PAO-PA7, PBO-PB7 

Output Low Voltage, (ILoaqq = 800 nA) PAO-PA7, PBO-PB7 

Input High Voltage 
Ports PAQ-PA7, PBO-PB7, PCO-PC3 
TIMER, TRO, RESET 
OSC1 

Input Low Voltage, All Inputs 

Total Supply Current (C, =50 pF on Ports, No dc Loads, teyc=1 us) 
RUN (Measured During Self-Check, Vj) =0.2 V, ViH=Vpp—0.2 V) 
WAIT (See Note 2) 
STOP (See Note 2) 


1/O Ports Input Leakage — PAO-PA7, PBO-PB7 
Input Current — RESET, TRO, TIMER, OSC1, PCO-PC3 


Input Capacitance — RESET, IRQ, TIMER, OSC1, PCO-PC3 


NOTES: 

1. Electrical Characteristics for Vpp =3 V available soon. 

2. Test Conditions for Ipp are as follows: 
All ports programmed as inputs 
Vit =0.2 V (PAO-PA7, PBO-PB7, PCO-PC3) 
ViH=Vpp—0.2 V for RESET, IRQ, TIMER 
OSC1 input is a square wave from 0.2 V to Vpp —-0.2 V 
OSC2 output load = 20 pF (WAIT Ipp is affected linearly by the OSC2 capacitance) 


TABLE 1 — CONTROL TIMING CHARACTERISTICS (Vpp=5 Vde +10%, Vgg=0, TA=TL to TH, fosc=4 MHz, teyc=1 #S) 


Frequency of Operation 
Crystal 
External Clock 


*The minimum period, ti_|L, should not be less than the number of tcyc cycles it takes to execute the interrupt service routines plus 20 tcyc 
cycles. 


<— triti—>| —»| tTH = = (TL = 
External Timer 
Clock Pin 27 
92CS-37997 


Fig. 4 - Timer relationships. 


< 
O 
Oo 


' s1a}nNdWOdOJDIII pue siossaD01dO1DIW SAl18S-S089 


osc INNANANAANANANAAAAAAANA 


I, + 

pe cyce 

| 

oe 7 tg de de Lo et Ly Ee he be Le 


Internal 
Address 
Bus * 
Internal 
Data New Op Op 
Bus * PCH Code Code 
tRL 
RESET 
92CS-37998 


* internal timing signal not available externally. 


ice) 
NO 
© 
o> 
O 
< 
io) 


Oo 
< 
oO 
< 


Fig. 5 - Power-on RESET and RESET. 


€AS089dd0D 


6E2 
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osc2** 
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¢2* 


* Internal timing signals not available externally. 


%¥ Represents the internal gating of the OSC1 input pin. 


92CS-37999 


Fig. 6 - Stop recovery. 


FUNCTIONAL PIN DESCRIPTION 


Vpp and Vss 


Power is supplied to the MCU using these two pins. Vpop 
is power and VSs is ground. 


1RG (MASKABLE INTERRUPT REQUEST) 


TRO is photomask option selectable with the choice of in- 
terrupt sensitivity being both level and negative edge or 
negative edge only. The MCU completes the current instruc- 
tion before it responds to the request. If [RO is low and the 
interrupt mask bit (1 bit) in the condition code register is 
clear, the MCU begins an interrupt sequence at the end of 
the current instruction. 

If the photomask option is selected to include level sen- 
sitivity, then the IRQ input requires an external resistor to 
VDD for “‘wire-OR’’ operation. See the Interrupt section for 
more detail. 


RESET 


The RESET input is not required for start-up but can be 
used to reset the MCU’s internal state and provide an order- 
ly software start-up procedure. Refer to the Resets section 
for a detailed description. 


TIMER 


The TIMER input may be used as an external clock for the 
on-chip timer. Refer to the Timer section for a detailed 
description. 


NUM (NON-USER MODE) 


This pin is intended for use in self-check only. User ap- 
plications should leave this pin connected to ground through 
a 10 kilohm resistor. 


OSC1, OSC2 


The CDP6805F2 can be configured to accept either a 
crystal input or an RC network. Additionally, the internal 
clocks can be derived from either a divide-by-two or divide- 
by-four of the external frequency (fogc). Both of these op- 
tions are photomask selectable. 


RC — If the RC oscillator option is selected, then a resistor 
is connected to the oscillator pins as shown in Figure 7(b). 
The relationship between R and fogc is shown in Figure 8. 


CRYSTAL — The circuit shown in Figure 7(a) is recom- 
mended when using a crystal. The internal oscillator is 
designed to interface with an AT-cut parallel resonant quartz 
crystal resonator in the frequency range specified for foge in 
the electical characteristics table. Using an external CMOS 
oscillator is suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. Crystal fre- 
quency limits are also affected by Vpp. Refer to Table 1, 
Control Timing Characteristics, for limits. 


EXTERNAL CLOCK — An external clock should be ap- 
plied to the OSC1 input with the OSC2 input not connected, 
as shown in Figure 7(c). An external clock may be used with 
either the RC or crystal oscillator mask option. toxoy or 
tILCH do not apply when using an external clock input. 


PAO-PA7 

These eight |/O lines comprise Port A. The state of any pin 
is software programmable. Refer to the Input/Output Pro- 
gramming section for a detailed description. 
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Crystal Parameters Oscillator Waveform 
TOL tOH 
(a) Crystal Oscillator Connections and Equivalent Crystal Circuit 
te Cy RS 
CDP6805F2 OSC2 OSC1 
Osci Osc2 5 4 
Co 


(b) RC Oscillator Connection (c) External Clock Source Connections 


CDP6805F2 


CDP6805F2 


OSC2 


OSC1 OSC2 OSC1 


Unconnected 


External Clock 


Fig. 7 - Oscillator connections. 92CS-38000 
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PBO-PB7 


These eight lines comprise Port B. The state of any pin is 
software programmable. Refer to the Input/Output Pro- 
gramming section for a detailed description. 


PCO-PC3 


These four lines comprise Port C, a fixed input port. When 
Port C is read, the four most-significant bits on the data bus 


TBD are ‘1s’ . There is no data direction register associated with 
Port C. 


INPUT/OUTPUT PROGRAMMING 


Any Port A or B pin may be software programmed as an 
input or output by the state of the corresponding bit in the 
port data direction register (DDR). A pin is configured as an 
output if its corresponding DDR bit is set to a logic 1". A 
pin is configured as an input if its corresponding DDR bit is 

R (kQ) cleared to a logic '‘0’’. At reset, all DDRs are cleared, which 
Fig. 8 - Frequency vs. resistance for configures all port pins as inputs. A port pin configured as an 
RC oscillator option only. output will output the data in the corresponding bit of its 

port data latch. Refer to Figure 9 and Table 2. 


fosc (MHz) 


(a) 


Data Direction 
Register 
Bit 


internal 
CDP6805F2 
Connections 


Typical Port 
Data Direction 
Register 


Typical Port 
Register 


Pin P-7 PG P5 P-4 P-3 P-2  P-1~ PO 
Fig. 9 - Typical I/O port circuitry. ssa 


TABLE 2 — 1/0 PIN FUNCTIONS 


| _R/W | por | 1/0 Pin Function 


The |/O pin is in input mode. Data ts written into the output data latch. 


a aa Data is written into the output data latch and output to the I/O pin. 
| 1 [0 ” The state of the I/O pin is read. 


T 


he I/O pin is in an output mode. The output data latch ts read 
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SELF-CHECK The RAM test must be called with the stack pointer at $7F 
and the accumulator zeroed. When run, the test checks 
The CDP6805F2 self-check is performed using the circuit every RAM cell except for $7F and $7E which are assumed to 
in Figure 10. Self-check is initiated by tying NUM and TIMER contain the return address. 
pins to a logic ‘1 then executing a reset. After reset, the A and X are modified. All RAM locations except the top 2 
following five tests are executed automatically: are modified. (Enter at location $78B.) 
\/O — Functionally Exercise Ports A, B, C 
RAM — Walking Bit Test 
ROM — Exclusive OR with ODD ‘'1s” Parity Result ROM CHECKSUM SUBROUTINE 
Timer — Functionally Exercise Timer Returns with Z bit cleared if any error was found; other- 


wise Z= 1, X=0 on return, and A is zero it the test passed. 
RAM locations $40-$43 are overwritten. (Enter at location 
$7A4.) 


Interrupts — Functionally Exercise External and Timer In- 
terrupts 

Self-check results are shown in Table 3. The following 
subroutines are available to user programs and do not re- 


| ; 
quire any external hardware TIMER TEST SUBROUTINE 


TABLE 3 — SELF-CHECK RESULTS Return with Z bit cleared if any error was found; otherwise 


Z=1. 
| PB3} PB2|PB1{PBO| == ~~ Remarks ss This routine runs a simple test on the timer. In order to 
| 1 {| 0 | 1 | 1 {| Bad Timer work correctly as a user subroutine, the internal clock must 
ra he ee oe Bad RAM be the clocking source and interrupts must be disabled. 
T+ {1 [0 [1 | Bad ROM Also, on exit, the clock will be running and the interrupt 
be eedt ae ob pete. | Oe a Bad Interrupt or Request Flag 


mask will not be set, so the caller must protect himself from 
Ail Cycling 


interrupts if necessary. 
A and X register contents are lost; this routine counts how 
RAM SELF-CHECK SUBROUTINE 


—_= 


many times the clock counts in 128 cycles. The number of 
counts should be a power of two since the prescaler is a 
power of two. If not, the timer probably is not counting cor- 


Returns with the Z bit clear if any error is detected; other- rectly. The routine also detects if the timer is running at all. 
wise, the Z bit is set. (Enter at location $7BE.) 
+5V+5V +5V+5V 


CDP6805F2 


Test Status Indication 


92CS-38002 


Fig. 10 - Self-check pinout configuration. 
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MEMORY 


The CDP6805F2 has a total address space of 2048 bytes 
of memory and |/O registers. The address space is shown in 
Figure 11. 

The first 128 bytes of memory (first half of page zero) is 
comprised of the !/O port locations, timer locations, and 64 
bytes of RAM. The next 1079 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and interrupt 
vectors. 


0 
Access 1/0 Ports 
Via Timer 
Page 0 127 RAM 
Direct 128 
Addressing 
255 
256 
1079 Bytes 
User ROM 
1206 
1207 
73 Bytes 
1279 Self-Check ROM 
1280 
640 Bytes 
Unused 
1919 
192 
: 118 Bytes 
- ROM 
2037 Self-Check RO 
2038 
User 
Defined 
Interrupt cee _External Interrupt 
Vectors 


2047 


* Reads of unused locations undefined 


Port A Data Register 


$04B6 
$04B7 


SO4FF 
$0500 


$077F 
$0780 95 


$O7F5 

$07F6 $O7F7 
$07F8 S07F9 
$O7FA sO7FB 
$07FC $07FD 
SO7FE SO7FF 
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The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts and 
subroutine calls. At power-up, the stack pointer is set to $7F 
and it is decremented as data is pushed on the stack. When 
data is removed from the stack, the stack pointer is in- 
cremented. A maximum of 32 bytes of RAM are available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts and/or subroutine 
stacking purposes, the unused bytes are available for pro- 
gram data storage. 


$0001 


$003F 
$0040 


RAM 
(64 Bytes) 


SOO5F 
$0060 


7 
“ Stack (32 Bytes Max) 


$007F 
127 
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Fig. 11 - Address map. 
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REGISTERS 


The CDP6805F2 contains five registers as shown in the 
programming model (Figure 12). The interrupt stacking order 
is shown in Figure 13. 


ACCUMULATOR (A) 


This accumulator is an 8-bit general purpose register used 
to hold operands and results of the arithmetic calculations 
and data manipulations. 


INDEX REGISTER (X) 


The X register is an 8-bit register which is used during the 
indexed modes of addressing. It provides the 8-bit operand 
which is used to create an effective address. The index 
register is also used for data manipulations with the read- 
modify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 
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PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains the 
address of the next instruction to be executed by the pro- 
cessor. 


STACK POINTER (SP) 


The stack pointer is an 11-bit register containing the ad- 
dress of the next free location on the stack. When accessing 
memory, the six most-significant bits are appended to the 
five least-significant register bits to produce an address 
within the range of $7F to $60. The stack area of RAM is 
used to store the return address on subroutine calls and the 
machine state during interrupts. During external or power-on 
reset, and during a ‘‘reset stack pointer’’ instruction, the 
stack pointer is set to its upper limit ($7F). Nested interrupts 
and/or subroutines may use up to 32 (decimal) locations 
beyond which the stack pointer ‘‘wraps around” and points 
to its upper limit thereby losing the previously stored infor- 
mation. A subroutine call occupies two RAM bytes on the 
stack, while an interrupt uses five bytes. 


10 


10 


7 0 
[AY Accurntt 
7 0 
x 
0 
PC 


Program Counter 


5 4 0 
ofojofol sti] sp] stack Pointe 


Condition Code Register 
Carry/ Borrow 

Zero 

Negative 

Interrupt Mask 


Half Carry 
92CS-38004 


Fig. 12 - Programming model. 


Increasing Memory 
Addresses 


ZucuaAmD 


Unstack 


Condition Code Register 


Accumulator 


Index Register 


[sex Reasie—— 
DO000 mC 


O Stack 


Decreasing Memory 
Addresses 


AVC DWDMAZ— 


92CS-38005 


NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack Is in 


the reverse order. 


Fig. 13 - Stacking order. 
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CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register which in- 
dicates the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 


HALF CARRY BIT (H) — The H bit is set to a '1"’ when a 
carry occurs between bits 3 and 4 of the ALU during an ADD 
or ADC instruction. The H bit is useful in binary coded 
decimal subroutines. 


INTERRUPT MASK BIT (1) — When the | bit is set, both 
the external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an interrupt 
occurs while the | bit is set, the interrupt is latched and is 
processed when the | bit is next cleared. 


NEGATIVE (N) — Indicates that the result of the last 
arithmetic, logical, or data manipulation is negative (bit 7 in 
the result is a logical ‘'1"’). 


ZERO (Z) — Indicates that the result of the last arithmetic, 
logical, or data manipulation is zero. 


CARRY/BORROW (C) — Indicates that a carry or borrow 
out of the arithmetic logic unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during bit 
test and branch instructions, shifts, and rotates. 


RESETS 


The. CDP6805F2 has two reset modes: an active low ex- 
ternal reset pin (RESET) ‘and a power-on reset function; refer 
to Figure 5. 


RESET 


The RESET input pin is used to reset the MCU to provide 
an orderly software Start-up procedure. When using the ex- 
ternal reset mode, the RESET pin must stay low for a 
minimum of one tRL. The RESET pin is provided with a 
Schmitt Trigger input to improve its noise immunity. 


POWER-ON RESET 


The power-on reset occurs when a positive transition is 
detected on Vpp. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
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for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay from the time of the first oscillator opera- 
tion. If the external RESET pin is low at the end of the 1920 
time out, the processor remains in the reset condition. 

Either of the two types of reset conditions causes the 
following to occur: 


@ Timer control register interrupt request bit (TCR7) is 
cleared to a ‘’0”’. 
@ Timer control register interrupt mask bit (TCR6) is set 
toa‘’l". 
@ All data direction register bits are cleared to a ‘‘0”. All 
ports are defined as inputs. 
@ Stack pointer is set to $7F. 
@ The internal address bus is forced to the reset vector 
($7FE, $7FF). 
@ Condition code register interrupt mask bit (I) is set to a 
ean 
@ STOP and WAIT latches are reset. 
@ External interrupt latch is reset. 
All other functions, such as other registers (including out- 
put ports), the timer, etc., are not cleared by the reset condi- 
tions. 


INTERRUPTS 


Systems often require that normal processing be inter- 
rupted so that some external event may be serviced. The 
CDP6805F2 may be interrupted by one of three different 
methods, either one of two maskable interrupts (external in- 
put or timer) or a non-maskable software interrupt (SWI). 

Interrupts Cause the processor registers to be saved on the 
stack and the interrupt mask set to prevent additional inter- 
rupts. The RTI instruction causes the register contents to be 
recovered from the stack and return to normal processing. 
The stacking order is shown in Figure 13. 

Unlike RESET, hardware interrupts do not cause the cur- 
rent instruction execution to be halted, but are considered 
pending until the current instruction execution is complete. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later interrupt service. 

If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction execution, the external in- 
terrupt is serviced first. The SWI is executed as any other in- 
struction. Refer to Figure 14 for the interrupt and instruction 
processing sequence. 
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TIMER INTERRUPT 

Each time the timer decrements to zero (transitions from 
$01 to $00), the timer interrupt request bit (TCR7) is set. The 
processor Is interrupted only if the timer mask bit (TCR6) and 
interrupt mask bit (| bit) are both cleared. When the interrupt 
is recognized, the current state of the machine ’is pushed on- 
to the stack and the interrupt mask bit in the condition code 
register is set. This mask prevents further interrupts until the 
present one is serviced. The processor now vectors to the 
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timer interrupt service routine. The address for this service 
routine is specified by the contents of $7F8 and $7F9 unless 
the processor is in a WAIT mode, in which case the contents 
of $7F6 and $7F7 specify the timer service routine address. 
Software must be used to clear the timer interrupt request 
bit (TCR7). At the end of the timer interrupt service routine, 
the software normally executes an RTI instruction which 
restores the machine state and starts executing the inter- 
rupted program. 


Load PC From: 
SWI: 7FC/7FD 
IRQ: 7FA/7FB 
TIMER: 7F8/7F9 
Timer Wait: 7F6/7F7 


PC=PC+1 


Execute All 
Instruction 
Cycles 


92CS-38006 


Fig. 14 - RESET and INTERRUPT processing flowchart. 
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EXTERNAL INTERRUPT 


Either level- and edge-sensitive or edge-sensitive only in- 
puts are available as mask options. If the interrupt mask bit 
of the condition code register is cleared and the external in- 
terrupt pin (IRQ) is ‘low’ or a negative edge has set the in- 
ternal interrupt flip-flop, then the external interrupt occurs. 
The action of the external interrupt is identical to the timer 
except that the service routine address is specified by the 
contents of $7FA and $7FB. Figure 15 shows both a func- 
tional diagram and timing for the interrupt line. The timing 
diagram shows two different treatments of the interrupt line 
(TRG) to the processor. The first method is single pulses on 
the interrupt line spaced far enough apart to be serviced. The 
minimum time between pulses is a function of the length of 
the interrupt service routine. Once a pulse occurs, the next 
pulse should not occur until the MPU software has exited the 
routine (an RT! occurs). This time (tjL|) is obtained by ad- 
ding 20 instruction cycles (teyc) to the total number of cycles 
it takes to complete the service routine including the RTI in- 
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struction; refer to Figure 15. The second configuration 
shows many interrupt lines ‘‘wire ORed”’ to form the inter- 
rupts at the processor. Thus, if after servicing an interrupt 
the IRQ remains low, then the next interrupt is recognized. 


SOFTWARE INTERRUPT (SWI) 


The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware inter- 
rupts. The SWI is executed regardless of the state of the in- 
terrupt mask in the condition code register. The service 
routine address is specified by the contents of memory loca- 
tions $7FC and $7FD. 

The following three functions are not strictly interrupts, 
however, they are tied very closely to the interrupts. These 
functions are RESET, STOP, and WAIT. 


RESET — The RESET input pin and the internal power-on 
reset function each cause the program to vector to an in- 
itialization program. This vector is specified by the contents 
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Fig. 15 - External interrupt. 
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of memory locations $7FE and $7FF. The interrupt mask of 
the condition code register is also set. See preceding section 
on Reset for details. 


STOP — The STOP instruction places the CDP6805F2 in 
its lowest power consumption mode. In the STOP function, 
the internal oscillator is turned off causing all internal pro- 
cessing and the timer to be halted; refer to Figure 16. 

During the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pending timer interrupt re- 
quests and to disable any further timing interrupts. External 
interrupts are enabled in the condition code register. All 
other registers and memory remain unaltered. All |/O lines 
remain unchanged. The processor can only be brought out 
of the STOP mode by an external IRO or RESET. 
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Clear | Mask 
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Fig. 16 - Stop function flowchart. 
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WAIT — The WAIT instruction places the CDP6805F2 in 
a low-power consumption mode, but the WAIT mode con- 
sumes somewhat more power than the STOP mode. In the 
WAIT mode, the internal clock is disabled from all internal 
circuitry except the timer circuit; refer to Figure 17. Thus, all 
internal processing is halted, however, the timer continues 
to count normally. 

During the WAIT mode, the | bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled by software prior to entering the WAIT 
mode to allow a periodic exit from the WAIT mode. If an ex- 
ternal and a timer interrupt occur at the same time, the exter- 
nal interrupt is serviced first; then, if the timer interrupt re- 
quest is not cleared in the external interrupt routine, the nor- 
mal timer interrupt (not the timer WAIT interrupt) is serviced 
since the MCU is no longer in the WAIT mode. 


TIMER 


The MCU timer contains an 8-bit software programmable | 
counter with a 7-bit software selectable prescaler. Figure 18 
contains a block diagram of the timer. The counter may be 
preset under program control and decrements towards zero. 
When the counter decrements to zero, the timer interrupt re- 
quest bit (i.e., bit 7 of the timer control register (TCR)) is set. 
Then, if the timer interrupt is not masked (i.e., bit 6 of the 
TCR and the | bit in the condition code register are both 
cleared) the processor receives an interrupt. After comple- 
tion of the Current instruction, the processor proceeds to 
store the appropriate registers on the stack and then fetches 
the timer vector address from locations $7F8 and $7F9 (or 
$7F6 and $7F7 if in the WAIT mode) in order to begin servic- 
ing. 

The counter continues to count after it reaches zero allow- 
ing the software to determine the number of internal or ex- 
ternal input clocks since the timer interrupt request bit was 
set. The counter may be read at any time by the processor 
without disturbing the count. The contents of the counter 
become stable, prior to the read portion of a cycle, and do 
not change during the read. The timer interrupt request bit 
remains set until cleared by the software. TCR7 may also be 
used as a scanned status bit in a non-interrupt mode of 
operation (TCR6= 1). 

The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output within the range of +1 to +128 which is used as the 
counter input. The processor cannot write into or read from 
the prescaler, however, its contents are cleared to all ‘‘Os’’ by 
the write operation into TCR when bit 3 of the written data 
equals one. This allows for truncation-free counting. 

The timer input can be configured for three different 
operating modes plus a disable mode depending on the value 
written to the TCR4 and TCR5 control bits. Refer to the 
Timer Control Register section. | 


TIMER INPUT MODE 1 

If TCR5 and TCR4 are both programmed to a ‘'0”’, the in- 
put to the timer is from an internal clock and the TIMER in- 
put pin is disabled. The internal clock mode can be used for 
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Fig. 17 - WAIT function flowchart. 


periodic interrupt generation as well as a reference in fre- 
quency and event measurement. The internal clock is the in- 
struction cycle clock. During a WAIT instruction, the internal 
clock to the timer continues to run at its normal rate. 


TIMER INPUT MODE 2 


With TCR5=0 and TCR4=1, the internal clock and the 
TIMER input pin are ANDed to form the timer input signal. 
This mode can be used to measure external pulse widths. 
The external timer input pulse simply turns on the internal 
clock for the duration of the pulse. The resolution of the 
count in this mode is + one internal clock and therefore, ac- 
curacy improves with longer input pulse widths. 


TIMER INPUT MODE 3 
lf TCR5=1 and TCR4=0, all inputs to the timer are dis- 
abled. 


TIMER INPUT MODE 4 


lf TCR5=1 and TCR4=1, the internal clock input to the 
timer is disabled and the TIMER input pin becomes the input 
to the timer. The timer can, in this mode, be used to count 
external events as well as external frequencies for generating 
periodic interrupts. The counter is clocked on the falling 
edge of the external signal. 

Figure 18 shows a block diagram of the timer subsystem. 
Power-on reset and the STOP instruction invalidate the con- 
tents of the counter. 


6805-Series Microprocessors and Microcomputers 


251 
CDP6805F2 


Software Selectable 


External 


Input => 


Clock) 


Internal 
Clock 


@ Timer: 8-Bit Read/Write Counter 
7-Bit Software Selectable Prescaler 
Input Pin 
Timer Interrupt 


Input and Prescaler Options 


Counter 
8 Bits 


Control 
» 
Disabled 7 Bits 
(No 


Clear Write Read =_ Interrupt 
Software Functions 92CS-38010 


Fig. 18 - Programmable timer/counter block diagram. 


TIMER CONTROL REGISTER (TCR) 


7 6 3. 4 3 2 1 0 
TCR7[TCR6E{TCRS|TCR4}TCR3ITCR2{ TCR1{TCRO 
All bits in this register except bit 3 are read/write bits. 


TCR7 — Timer interrupt request bit: bit used to indicate 
the timer interrupt when it is logic "1". 
1 — Set whenever the counter decrements to zero or 
under program control. 
O — Cleared on external RESET, power-on reset, STOP 
instruction, or program control. 


TCR6 — Timer interrupt mask bit: when this bit is a logic 
“1 it inhibits the timer interrupt to the processor. 
1 — Set on external RESET, power-on reset, STOP in- 
struction, or program control. 
QO — Cleared under program control. 


TCR5 — External or internal bit: selects the input clock 
source to be either the external timer pin. or the internal 
clock. (Unaffected by RESET.) 

1 — Select external clock source. 

O — Select internal clock source. 


TCR4 — External enable bit: control bit used to enable the 
external TIMER pin. (Unaffected by RESET.) 

1 — Enable external TIMER pin. 

O — Disable external TIMER pin. 


“ion Clock to Timer 
AND of Internal Clock and TIMER 


Pin to Timer 
Inputs to Timer Disabled 
TIMER Pin to Timer 


TCR3 — Timer Prescaler Reset bit: writing a ‘’1” to this bit 
resets the prescaler to zero. A read of this location always in- 
dicates 0’. (Unaffected by RESET.) 


TCR2, TCR1, TCRO — Prescaler select bits: decoded to 
select one of eight outputs on the prescaler. (Unaffected by 


RESET.) 


Prescaler 


2) 
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1 
1 
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INSTRUCTION SET 


The MCU has a set of 61 basic instructions. They can be 
divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. All the in- 
structions within a given type are presented in individual 
tables. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One 
operand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the ad- 
dressing modes. The operand for the jump unconditional 
(JMP) and jump to subroutine (JSR) instructions is the pro- 
gram counter. Refer to Table 4. 
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READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a register, 
modify or test its contents, and write the modified value 
back to memory or to the register. The test for negative or 
zero (TST) instruction is an exception to the read-modify- 
write sequence since it does not modify the value. Refer to 
Table 5. 


BRANCH INSTRUCTIONS 


Most branch instructions test the state of the condition 
code register and, if certain criteria are met, a branch ts ex- 
ecuted. This adds an offset between — 127 and +128 to the 
current program counter. Refer to Table 6. 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 128 bytes of the memory space where all 
port registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within the first 256 
locations. The bit set, bit clear, and bit test and branch func- 
tions are implemented with a single instruction. For the test 
and branch instructions, the value of the bit tested is also 
placed in the carry bit of the condition code register. Refer to 
Table 7. 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions and 
are used to control processor operation during program ex- 
ecution. Refer to Table 8. 


OPCODE MAP 


Table 9 is an opcode map for the instructions used on the 
MCU. 


ALPHABETICAL LISTING 


The complete instruction set is given in alphabetical order 
in Table 10. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to provide 
the programmer with an opportunity to optimize the code to 
all situations. The various indexed addressing modes make it 
possible to locate data tables, code conversion tables, and 
scaling tables anywhere in the memory space. Short indexed 
accesses are single-byte instructions while the longest in- 
structions (three bytes) permit tables throughout memory. 
Short and long absolute addressing is also included. Two- 
byte direct addressing instructions access all data bytes in 
most applications. Extended addressing permits jump in- 
structions to reach all memory. Table 10 shows the address- 
ing modes for each instruction with the effects each instruc- 
tion has on the condition code register. An opcode map is 
shown in Table 9. 

The term ‘Effective Address’ (EA) is defined as the byte 
address to or from which the argument for an instruction is 
fetched or stored. The ten addressing modes of the pro- 
cessor are described below. Parentheses are used to indicate 
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“contents of,’ an arrow indicates “is replaced by,’’ and a 


colon indicates ‘‘concatenation of two bytes.” 


INHERENT 


In inherent instructions, all the information necessary to 
execute the instruction is contained in the opcode. Opera- 
tions specifying only the index registers or accumulator and 
no other arguments are included in this mode. 


IMMEDIATE 


In immediate addressing, the operand is contained in the 
byte immediately following the opcode. Immediate address- 
ing is used to access constants which do not change during 
program execution (e.g., a constant used to initialize a loop 
counter). 


EA=PC+1; PC~—-PC+2 


DIRECT 


In the direct addressing mode, the effective address of the 
argument is contained in a single byte following the opcode 
byte. Direct addressing allows the user to directly address 
the lowest 256 bytes in memory with a single two-byte in- 
struction. This includes all on-chip RAM and 1/0 registers 
and 128 bytes of on-chip ROM. Direct addressing is efficient 
in both memory and time. 


EA=(PC+1); PC+PC+2 
Address Bus High=—0; Address Bus Low=—(PC + 1) 


EXTENDED 


In the extended addressing mode, the effective address of 
the argument is Contained in the two bytes following the op- 
code. Instructions with extended addressing modes are 
capable of referencing arguments anywhere in memory with 
a single three-byte instruction. 


EA=(PC+1):(PC +2); PC-—PC+3 
Address Bus High+-(PC+ 1); Address Bus Low «(PC + 2) 


INDEXED, NO-OFFSET 


In the indexed, no-offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is used to move a pointer through a table or 
to address a frequently referenced RAM or I/O location. 

EA=X; PC=-PC+1 
Address Bus High=—0O; Address Bus Low=—X 


INDEXED, 8-BIT OFFSET 

Here the EA is obtained by adding the contents of the byte 
following the opcode to that of the index register, therefore, 
the operand is located anywhere within the lowest 511 
memory locations. For example, this mode of addressing is 
useful for selecting the mth element in an n element table. All 
instructions are two bytes. The content of the index register 
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(X) ts not changed. The content of (PC +1) is an unsigned 
8-bit integer. One-byte offset indexing permits look-up tables 
to be easily accessed in either RAM or ROM. 
EA=X+(PC+1); PC-PC+2 
Address Bus High+-K; Address Bus Lows X + (PC + 1) 
where K= The carry from the addition of X+ (PC + 1) 


INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the effec- 
tive address is the sum of the contents of the unsigned 8-bit 
index register and the two unsigned bytes following the op- 
code. This addressing mode can be used in a manner similar 
to indexed 8-bit offset, except that this three-byte instruction 
allows tables to be anywhere in memory (e.g., jump tables in 
ROM). The content of the index register is not changed. 


EA=X+ U(PC+ 1):(PC + 2)]; PC PC+3 
Address Bus High*—(PC + 1)+K; 
Address Bus Lows X + (PC + 2) 
where K= The carry from the addition of X+ (PC + 2) 


RELATIVE 


Relative addressing is only used in branch instructions. In 
relative addressing, the contents of the 8-bit signed byte 
following the opcode (the offset) is added to the PC if and 
only if the branch condition is true. Otherwise, control pro- 
ceeds to the next instruction. The span of relative addressing 
is limited to the range of —126 to +129 bytes from the 
branch instruction opcode location. 


EA=PC+2+‘PC+1); PC EA if branch taken; 
otherwise, PC—PC+2 
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BIT SET/CLEAR 


Direct addressing and bit addressing are combined in in- 
structions which set and clear individual memory and I/O 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address in the location following the opcode. The 
first 128 addressable locations are thus accessed. The bit to 
be modified within that byte is specified with three bits of the 
opcode. The bit set and clear instructions occupy two bytes: 
one for the opcode (including the bit number) and the sec- 
ond for addressing the byte which contains the bit of in- 
terest. 


EA=(PC+1); PCPC+2 
Address Bus High*-0; Address Bus Lows (PC + 1) 


BIT TEST AND BRANCH 
Bit test and branch is a combination of direct addressing, 
bit addressing, and relative addressing. The bit address and 
condition (set or clear) to be tested is part of the opcode. 
The address of the byte to be tested is in the single byte im- 
mediately following the opcode byte (EA1). The signed 
relative 8-bit offset is in the third byte (EA2) and is added to 
the PC if the specified bit is set or cleared in the specified 
memory location. This single three-byte instruction allows 
the program to branch based on the condition of any bit in 
the first 256 locations of memory. 
EA1=(PC+1) 
Address Bus High*-0; Address Bus Lows (PC + 1) 
EA2=PC+3+(PC+2); PC EA2 if branch taken; 
otherwise, PC+-PC+3 


TABLE 4 — REGISTER/MEMORY INSTRUCTIONS 
Addressing Modes 
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TABLE 5 — READ-MODIFY-WRITE INSTRUCTIONS 
Addressing Modes 


; Indexed Indexed 
inherent (A) Inherent (X) (No Offset) (8-Bit Offset) 
Op # # Op # # # Op # # Op # # 
Mnemonic | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles 
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TABLE 6 — BRANCH INSTRUCTIONS 


Fncton 
Code Bytes Cycles 
aA 
[BiahehiNever dea oa 
eS ee CT BE el 
Branch IFF Interrupt Line is Low 
[Branch to Subroutine ss | SC BSR OT CAD OT 2 OT 


TABLE 7 — BIT MANIPULATION INSTRUCTIONS 


Addressing Modes 
Bit Set/ Clear Bit Test and Branch 


Op # t Op t # 
Code Bytes Cycles Code Bytes Cycles 
[Branch IFF Bitnis Set | oe ee ee ee ee ee 


Branch IFF Bit n is Set BRSETn(n=0...7) | .- 


es 
BSeTnin=0..7) [Ween] 2 | 6 | - | -]| - | 


TABLE 8 — CONTROL INSTRUCTIONS 


inherent 
fe) # # 
___Faraton | Mramonie | 28 | sie | cytes 
TansferAtox | AX | 97 | 1 | 21 
[TrensferxtoA | _1xA__| 9F | 1 | 2] 
[Set Gary 8k | sec] #9 | 1 | 21 
[Clear Cenye | ccf @ | 1 | 21 
sf 1 


TABLE 9— INSTRUCTION SET OPCODE MAP 


—gog Meniouiee ae a rot Sana aa ae 
| BSC {| REL | : 
oe ee ee oe 

6 BASETO. 


} INH ] 1 see IxX1 ]1 1X ] 1 INH IMM Bie 
2 
BRCLRO BCLRO 


ently BSET! 
prtnY BCLRI 
sPRSET2 BSET2_ 
BRCCA2. BCLR2” 
BRSET3 BSET3" 
5 
ASR 


BRCLAS BCLA3” 
it DIR |. 1 
5 3 3 6 5 2 2 
DIR {| 4 INH 1 1.4 NH IMM } 2 DIR_| 3 sie 3 » 2 ue 
3 
OD 


5 3 3 6 5 2 2 4 
BRCLAS BCLR4 BHCS | ROL ROLA ROLX ROL ROL SEC ADC Seth sys ADC ADC 
DIR | 1 INH | 1 INH | 2 xi {4 XK 1 NH 2 IMM IR | 3 EXT 1X2 IxX1] 1 IX 
5 3 3 6 
BRSETS BSETS. DEC DECA DECX DEC DEC Lad CL! ona] | ORA 
DIR | 1 INH | 1 INH | 2 x1 | 1 Ix 1 INH IMM or 3 Next 1X2 x1 


snciss | ecuas" | 
5 3 3 6 5 2 5 3 
Br Sele. BSET6 INC INCA INCX INC INC RSP JMP JMP 
DIR | 1 INH {| 1 INH {| 2 IX1 | 1 IX 1 INH 2 DIR | 3 EXT {| 3 1X. 
4 3 3 2 6 5 6 5 
1 INH_ | 2 REL | 2 DIR | 3 EXT | 3 (X2 | 2 Xi} 1 IX 


BRCLRE BCLRG 
2 2 4 4 
1 INH 2 IMM {| 2 DIR | 3 EXT | 3 se mo 1 1X 


BRSET? BSET7 
5 3 6 5 2 2 4 
BRCLAT BCLRZ. CLR CLRA CLR CLR WAIT TXA — STX STX STX STX STX 
aie DIR } 1 INH 2 x1 | 1 xX J INH | 1 INH 2 DIR |} 3 EXT} 3 1x2 | 2 Xt} 1 IX 1111 
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ba 
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w 
IND 
> 
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+ 
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+ 
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4 
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- 
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Abbreviations for Address Modes 
INH inherent Opcode in Hexadecimal 
IMM Immediate 
DIR Direct 
EXT Extended Opcode in Binary 
REL _—Relative Mnemonic 
Bytes 


BSC Bit Set/ Clear 


BTB Bit Test and Branch 

IX Indexed (No Offset) Cycles Address Mode 
1X1 Indexed, 1 Byte (8-Bit) Offset 

IX2 Indexed, 2 Byte (16-Bit) Offset 92CS-38011 


cAdS089dd9D 
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oO 


Bit 
Set/ 
Clear 

Pewee 
aa 
| 
eseesel 
ieee 
se a 
| x 
[eee 
fees 
ee 55 
aa 
Drees] 
aaa 
ae 
Pt ia 
| 
bean | 
a aol 
ee al 
ae 
ae 
a 
| 
[errs 
a 
| 
nae 
| x 
ia 
ee 


Indexed | Indexed 

(8 Bits) | (16 Bits) 

Ce ae ee ee 
ae. See ee. 
a a a 
ee eae 
ee ae ees 
ene ieee 
a San 
are Ree 
an Caen 
an Gees 
aes See 
ss 
eerste 

See aes 
Be 
a ee ee 
a 
ia ere 
aes aaa 
aS ae 
eee aay 
ae ee 
2a Sie) 
a eee 
2a Sere 
ee, Sea) 
(ees eee 
ae Paes 
ae ae 
(iomner (ian ena 
es ee ee 
21 


a. 
Of] ajc [<a _ al> |x<ir-| 
SlS|Hlalolaln = Ol-|S/S |e] no] x 
=/5/ >] 3/3} 4) 5 -_ QALO{O le] jE 


x 


Relative Indexed 
(No Offset) 

ee Tae ae 
eS (ee, Gees 
re ee 
en ae a 
is oe eee 
aia 
as Sa aee 
ae. Gee Saas 
ae eee 
2 Se ae 
er el eae 
ee 7 aa 
a ae Pea 
a ae 
i ae eae 
re ee 
a a a 
ee a eee 
en ees 
a cee ee 
ee coe Gee 
a a ee 
er ee 
ee eee 
Se. ie Sie 
Pies hee 
Pe 2 
ee a 
ie. 2a eae 
Fae Seeker! 
ee 
Sa cae 

at X 

x 

x 

»4 


Extended 
ee ee 
= aa 
eS ae 
eax a ae ae 
LT 
fete esate 
Nee oe 
ene ea 
a 
Ie ez etl 
fe Nedienn, eel 
ee 
aaa 
ares 
Sat! 
eel 
ee aerate 
fa heel 
rel 
Mere eee 
| 
tis 2 eed 
ae 
Piste see se 
che eee ae ol 
Heteenc’ 22 hull 
fee 
ee eau 
lena 
ae 


TABLE 10 — INSTRUCTION SET 


sees ae 
eer ee 
X X 


VOJAIO] 4] aj o|Slw =|” o|w wd} it IZ jo 
Bla|Z} A) 4) OlZjo ly |Zj= IE) 5) 5 Z |G loc |e | 
Lit |] Lt} ft] Of io © Jon JD] [CO co} co 00} 0} co jo co] O 


BHCC 
BHCS 
BMC 
CLI 
NEG 
ORA 
ROL 
RTS 
SBC 
SEC 
STA 
STX 
SWI 
WAIT 


ae, See 
aa 
fee 
p 
eee sie 
ae 
aaa 
Lies 
ee ee 
p 
WR oe oreo 
fee pence te 
aes 
aan 
eae 
eee eee Sal 
ee 
Beda td 
et ee 
ees 
cee 
ieee 
san elena al fel ara 
Pe Ca aS rl See ea 


Condition Code Symbols 


A Test and Set if True. Cleared Otherwise. 


@ Not Affected 


H Half Carry (From Bit 3) 


Interrupt Mask 


Load CC Register From Stack 


0 Cleared 


? 


N Negative (Sign Bit) 


Z Zero 


Set 


1 


C  Carry/ Borrow 
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To minimize power consumption, all unused ROM locations 
should contain zeros. 


MASTER-DEVICE METHOD 


EPROM—A 2716 EPROM, programmed with the customer 
program (positive logic sense for address and data), may be 
submitted for pattern generation. Fill out Customer Informa- 
tion of ROM Information Sheet. Note that the first 128 


(0000-007F) bytes of the EPROM correspond to the 
CDP6805F2 internal RAM and I/O ports and will be ignored 
when generating ROM masks. The 831 unused and self- 
check bytes (04B7-07F5) will also be ignored when gen- 
erating ROM masks. The EPROM should be placed in a 
conductive IC carrier and securely packed. Do not use 
styrofoam. 


2716 


XXX=Customer ID 
Fig. 1a - EPROM marking. 


OPTION LIST ROM INFORMATION SHEET 


Select the options for your MCU from the following list. A manufacturing mask will be generated from this information. 
Select one in each section. 


Internal Oscillator Input 
O Crystal 
C) Resistor 


Internal Divide 
CO) +4 
CT] +2 


Interrupt 
1 Edge-Sensitive 
C) Level- and Edge-Sensitive 
VECTOR LIST 
Timer Interrupt from Wait State Only 


Timer Interrupt 
External Interrupt 
SWI 


RESET 


CUSTOMER INFORMATION 
Customer Name 


Column 28 of Option Card 
OorN 
1orP 


Column 29 of Option Card 
OorN 
1orP 


Column 30 of Option Card 
OorN 
1orP 


Address 


City State 


Phone ( ) 


Contact Ms./Mr. 


Zip. 


Extension 


Customer Part No. 


PATTERN MEDIA 
[) 6805F2 
C] EPROM 
C) Card Deck 
O Other" 


“Other media require factory approval. 


Signature 


Title 
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DATA PROGRAMMING INSTRUCTIONS 


When a customer submits instructions for programming 
RCA custom ROM sg, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming instructions. Programming 
instructions may be submitted in any one of three ways, as 
follows: 
1. Computer-Card Deck—use standard 80-column com- 
puter punch cards. 
2. Floppy Diskette—diskette information must be gen- 
erated on an RCA CDP1800-series microprocessor 


3. Master Device—a ROM, PROM, EPROM, or CDP6805F2 
that contains the required programming information. 
The requirements for each method are explained in detail in 
the following paragraphs: 


COMPUTER-CARD METHOD 


Use standard 80-column computer cards. Each card deck 
must contain, in order, a title card, an option card, a data- 
format card, and data cards. Punch the cards as specified in 
the following charts: 


development system. 
TITLE CARD 


Punch T 
leave blank 
Customer Name (start at 6) 


leave blank 

Customer Address or Division (start at 35) 

leave blank 

RCA custom selection number (5 digits) (Obtained from RCA Sales Office) 


leave blank 
RCA device type, without CDP68 prefix, e.g. O5F2 
Punch an opening parenthesis ( 
Punch 8 
Punch a closing parenthesis ) 
leave blank 
Punch a 2-digit decimal number to indicate the deck number; 
the first deck should be numbered 01 
OPTION CARD 


Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type. 
a 


Punch the word OPTION 

leave blank. 

RCA device type, including CDP68 prefix, e.g. CDP6805F2 
leave blank 

Punch P or N per ROM Information Sheet 

leave blank 

Punch the deck number (the 2-digit number in 

columns 79-80 of the title card) 


DATA-FORMAT CARD 
The data-format card specifies the form in which the data is to be entered into ROM. 


[cowmn No. | ote 


Punch the words DATA FORMAT 
leave blank 
Punch the letters HEX 


leave blank 

Punch POS 

leave blank 

Punch the deck number (the 2-digit number in 
columns 79-80 of the title card) 
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DATA PROGRAMMING INSTRUCTIONS (Cont'd) 


DATA CARDS 
The data cards contain the hexadecimal data to be programmed into the ROM device. 
Each card must contain the starting address plus sixteen words of data in clusters of four Hex Bytes. 


Punch the starting address 
in hexadecimal for the 
following data.* 


2 hex digits of 9th WORD 
2 hex digits of 10th WORD 
Blank 


5 Blank 2 hex digits of 11th WORD 
6-7 2 hex digits of ist WORD 2 hex digits of 12tn WORD 
8-9 2 hex digits of 2nd WORD Blank 

10 Blank 2 hex digits of 13th WORD 
11-12 2 hex digits of 3rd WORD 2 hex digits of 14th WORD 
13-14 2 hex digits of 4th WORD Blank 

15 Blank 2 hex digits of 15th WORD 
16-17 2 hex digits of 5th WORD 2 hex digits of 16th WORD 
18-19 2 hex digits of 6th WORD Semicolon, blank if last card 
20 Blank 

21-22 2 hex digits of 7th WORD Blank 

23-24 2 hex digits of 8th WORD Punch 2 decimal digits 

25 Blank as in title card 


“The address block must start at 0080 and run through 04B6. Column 4 must be zero. One additional card starting at 07FO is required to 
specify vectors. Note that as the sample program card shows, both the 04B0 and 07F0 card must contain 16 data words. Zeros are used tofill 
unused locations 04B7-04BF and 07F0-07FS. 


OPTION DATA CARD 


1234567 8 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3637 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 5556 57 58 59 60 61 62 63 64 65 66 67 68 69 70 7172 73 74 757677 78 a 


TEE eeat HETEEEEE 
ETC CEL PCr RE SEONGGHOOROBED REEL er epee ceo: RCASALES | | || 11 [TE | 
aett lel he aL alls leet llalalal llelola lalaelaelaola ETE ee CT 
oe oe UC ORG Oe Bou ow OE U BECO RES ROLL On Rae R eae e ee A eee eee EAE EO 
+1 rinedrhtreaapy SEs Pelee Se NaI Le Tepe tl pees ei ore it sl eI IE a SE ee et TST TEST OE leavers 


[LT TiMER INTERRUPT FROM | TIMER INTERRUPT |exTERNAL| Swi [Reser] (111/111 T1ITI111 1111 | [DECK NUMBER 


12:34 5 6 7 8 91011 1213 1415 1617 18 19 20 21 22 23 24 25 26 27 28 2930 31 32 33 34 35 3637 38 39 40 41 42 43 44 45 46.47 48 49 50 515253 54 5556 57 58 59 60 61 62 63 64 65 66 67 68 69 70 7172 73 74 7576 77 78 79 80 
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CDP6805 FAMILY 


er ez Avaliable NOW copesosc2 
[NumberofPins A 
fOn-ChipRAM(Bytes) | Cd 
| On-ChipUserROM (Bytes) CL Nome S| KC 
External Bus a Se 
| None 


1-Chi 112 112 
[ExtenalBus Yes | None 
[ Bidirectional VOLines | 
[Unidirectional VOLines | Nome 

| EPROMVersion | None =| Ne 


Saeed eerie ees CDP6B05F2 
| 
ESIC a ee 
On-Chip User ROM (Bytes) | 
| ExternalBus Nome 
| Bidirectional VO Lines 
| Unidirectional VOLines 0 None 
TEPROMVersion—SC~—sCSC‘dYSSSSSCSC~C;SC~C~CN@ SS SCSC~C~*” 


STOP and WAIT Yes 
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TERMINAL ASSIGNMENT 


RESET 
TRG 
NUM 
PA? 
PAG 
PA5 
PA4 
PA3 
PA2 
PA| 
PAO 
PBO 
PBT 
PB2 


| 
2 
3 
4 
5 
6 
7 
8 
93 


PB3 
PB4 
PBS5 
PB6 
PB7 


Vss 


92CS-34974 


TOP VIEW 


The CDP6805G2 Microcomputer Unit (MCU) belongs to 
the CDP6805 Family of Microcomputers. This 8-bit MCU 
contains on-chip oscillator CPU, RAM, ROM, I/O, and 
Timer. The fully static design allows operation at 
frequencies down to DC, further reducing its already low- 


37 ; 
7 g Counter 
Timer Control 


Yop 


osct 
osc2 
TIMER 
PO? 


POG 


PD5 
PD4 
PD3 
Pde 
PD1 

PDO 
PCO 
PC’ 


PC2 
PCS. 
PC4 
PCS 


PC6 
PC? 


ppo «—4 
PBI 13 
Port pg? 14 
B pa3~<«—2 
1/0 PBA 16 
Lines PBbdb 7 
PB6 

PB7 
i 
PAO 7 

PAI 
Port PA? i) 
A PAB : 
VO pad - 
Lines pas 5 
PAG i 

PAT 


Port | Data 
B Dir 
Reg | Reg 
Port | Data 
A Dir 
Reg Reg 
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CMOS High-Performance Silicon-Gate 


8-Bit Microcomputer 


Features: 


Typical full speed operating power 
of 15mWat5V 

Typical WAIT mode power of 4 mW 

Typical STOP mode power of 5 uW 

Fully static operation 

112 bytes of on-chip RAM 

2106 bytes of on-chip ROM 

32 bidirectional 1/O lines 

High current drive 

Internal 8-bit timer with software 
programmable 7-bit prescaler 


Oscillator 


Accumulator 
8 A 
ndex 
93 Register x 


| 
Condition 
Code 

5 Register CC 


Stack 
6 Pointer Ss 


Program 
Counter 
5 High PCH 
Program 
Counter 
LOW PCL 


2106 x 8 
ROM 
198 x 8 


Self-Check 
ROM 


External timer input 

External and timer interrupts 

Self-check mode 

Master reset and power-on reset 

Single 3 to 6 volt supply 

On-chip oscillator with RC orcrystal 
mask options 

True bit manipulation 

Addressing modes with indexed 


addressing for tables 


power consumption. It is a low-power processor designed 
for low-end to mid-range applications in the consumer, 
automotive, industrial, and communications markers 
where very low power consumption constitutes an 
important factor. 


NUM IRQ 
2 
28 
26. Ul Pont 
Data | Port 55 PC2 C 
Dir C 74 PC3 1/0 
Begs ORs: - ger ee kipes 
a7 PCS 
577 PCE 
PC7 
29 
30 PDO 
PD1 
31 P 
Data | Port E55 PD2 
Dir D 33 PD3 1/0 
Reg | Reg 34 PD4 nes 
35 PDS 
36° PDE 
PD7 


Fig. 1 - CDP6805G2 CMOS microcomputer block diagram. 


File Number 1364 
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MAXIMUM RATINGS (Voltages Referenced to Vss) 


Supply Voltage 
All Input Voltages Except OSC1 
Current Drain Per Pin Excluding Vpp and Vss hie ae 
Operating Temperature Range 
Storage Temperature Range 
Current Drain Total (PD4-PD7 only) 


THERMAL CHARACTERISTICS 
This device contains circuitry to protect the 
inputs against damage due to high static 
voltages of electric fields; however, it is ad- 
Biastia : vised that normal precautions be taken to 
avoid application of any voltage higher than 
Ceramic maximum rated voltages to this high im- 
pedance circuit. For proper operation it is 
recommended that Vin and Vout be con- 
Strained to the range Vss<(Vin_ or 
Vout)S VDD. Reliability of operation is 
enhanced if unused inputs except OSC2 and 
NUM are tied to an appropriate logic voltage 
level (e.g., either Vss or Vpp). 


Thermal Resistance 


Vop=4.9V 
[Pot [| Rr | Ra Load “5 
24.3 kQ 4.32 kQ ‘ 
A, PDO-PD3 | 1.21 kQ 3.1 kO Test Point 
PD4-PD7 1.64 kQ 
50 pF Ry 
(mA) 
5.0 
Fig. 2 - Equivalent test load. 
4.0 
a 
=) 
c Vop=6V 
© 
S 3.0 
©) 
i= 
© Vpop=5V 
® 
Qa 
© 
3 
2 
Q 
ee 320 
Vop=4V 
1.0 cee 
| 
] 
| 
»VoD=3V | 
1 | 
| | 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 


Internal Frequency (1/teyc) 


Fig. 3 - Typical operating current vs. internal frequency. 
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DC ELECTRICAL CHARACTERISTICS (Vpp=3 Vdc, Vgs=0 Vdc, Ta=0° to 70° C unless otherwise noted) 
Characteristics [Symbol | Min |  Max___| Uniti 


Output Voltage || oaqS 1 uA VOL = 0.1 V 
VOH Vpp—9.1 — V 


Output High Voltage 
(ILoag= — 50 wA) PBO-PB7, PCO-PC7 


CMOS Microprocessors, Memories and Peripherals 


(ILoad = -0.5 mA) PAO-PA7, PDO-PD3 


(ILoad= -2 mA) PD4-PD7 


Output Low Voltage 
(ILoad= 300 pA) All Ports VOL 0.3 V 
PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PD7 


Input High Voltage 
Ports PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7 


TIMER, IRO, RESET 


Input Low Voltage All Inputs 
Total Supply Current (no dc Loads, teyo=5 US) 


RUN (measured during self-check, Vj, =0.1 V, ViH=Vpp-0.1 V) 
WAIT (See Note) 
STOP (See Note) 


LD 
1/O Ports Input Leakage 
PAQO-PA7, PBO- PB7, PCO-PC7, PDO-PD7 ie = + 10 nA 
Input Current_ 
RESET, IRQ, TIMER, OSC1 lin | 


Capacitance 


Ports 
RESET, IRQ, TIMER, OSC1 


Characteristics [|__Symbol__| Min | Max | Unit 
Output Voltage |] pags 10 pA VOL - 0.1 V 
VOH Vop~—20.1 — V 
Output High Voltage 
(IlLoad= — 100 pA) PBO-PB7, PCO-PC7 VOH 2.4 V 


(ILoad= — 2 mA) PAO-PA7, PDO-PD3 


(Load= —8 mA) PD4-PD7 | 
Output Low Voltage 
(11 gad = 800 pA) All Ports VOL 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7 
VIH 


Input High Voltage 
Ports PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7 
TIMER, IRQ, RESET, OSC1 VIH 


78 ~ emma, a 


Input Low Voltage All Inputs 


Total Supply Current (C, =50 pF 
on Ports, no de Loads, tgyc=1 ps) 
RUN (measured during selt-check, 
ViL=0.2 V, VIH=Vpp —0.2 V) mA 


WAIT (See Note) 
STOP (See Note 


Capacitance 
Ports 


RESET, IRQ, TIMER, OSC1 


NOTE: Test conditions for Ipp are as follows: VIH = Vpp—0.2 V for RESET, IRQ, TIMER 


All ports programmed as inputs OSC1 input is a squarewave from 0.2 V to Vpp—0.2 V 
ViL = 0.2 V (PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD7) OSC2 output load = 20 pF (wait Ipp is affected linearly by the 


OSC2 capacitance). 
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TABLE 1 — CONTROL TIMING 
(Vpp=5 Vde + 10%, Vgs=0, TA =0° to 70°C, fogo=4 MHz) 


Characteristics 
Crystal Oscillator Startup Time (Figure 5) 


Stop Recovery Startup Time (Crystal Oscillator) (Figure 6) 
Timer Pulse Width (Figure 4) 


Reset Pulse Width (Figure 5) 


Timer Period (Figure 4) 
Interrupt Pulse Width Low (Figure 15) 


Interrupt Pulse Period (Figure 15) 
OSC1 Pulse Width 


Cycle Time 
Frequency of Operation 
Crystal 


External Clock 


*The minimum period ti_j_ should not be less than the number of tcyc cycles it takes to execute the interrupt service routines plus 20 tcyc cycles. 


i] 


<— tri 11> ss tTH Laces 25 TL = 
External Timer 
Clock Pin 37 


Fig. 4 - Timer relationships. 


Yoo A 


| 
osc1* ert Z// YOUU TIITIU ILA LATLAIAELA LALLA LALLA ESET L/ 
| 
{ 


| 
Toxov ele et 1920 teyc 


| 
| 
* 
wT LS La Lr Le ee rd 

INTERNAL 

ADDRESS 

BUS * 

INTERNAL 
a ee IAA Ae 
BUS * 7 

t 


RL 


RESET 


* INTERNAL TIMING SIGNAL AND BUS INFORMATION NOT AVAILABLE EXTERNALLY 


%* OSC{1 LINE IS NOT MEANT TO REPRESENT FREQUENCY. 92CM-38103 
IT IS ONLY USED TO REPRESENT TIME. 


Fig. 5 - Power-on RESET and RESET. 
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% INTERNAL TIMING SIGNALS NOT AVAILABLE EXTERNALLY. 
%% REPRESENTS THE INTERNAL GATING OF THE OSC! INPUT PIN. 


92CS-38101 


Fig. 6 - Stop recovery and power-on RESET. 


FUNCTIONAL PIN DESCRIPTION 


Vpp and Vss 


Power is supplied to the MCU using these two pins. Vpp 
is power and Vss is ground. 


IRO (MASKABLE INTERRUPT REQUEST) 


IRQ is mask option selectable with the choice of interrupt 
sensitivity being both level- and negative-edge or negative- 
edge only.The MCU completes the current instruction 
before it responds to the request. If IRO is low and the inter- 
rupt mask bit (I bit) in the condition code register is clear, the 
MCU begins an interrupt sequence at the end of the current 
instruction. 

If the mask option is selected to include level sensitivity, 
then the IRQ input requires an external resistor to Vpp for 
“wire-OR” operation. See the Interrupt section for more 
detail. 


RESET 


The RESET input is not required for start-up but can be 
used to reset the MCU’s internal state and provide an orderly 
software start-up procedure. Refer to the Reset section for a 
detailed description. 


TIMER 


The TIMER input may be used as an external clock for the 
on-chip timer. Refer to Timer section for a detailed descrip- 
tion. 


NUM — NON-USER MODE 


This pin is intended for use in self-check only. User ap- 
plications should connect this pin to ground through a 10 kQ 
resistor. 


OSC1, OSC2 


The CDP6805G2 can be configured to accept either a 
crystal input or an RC network. Additionally, the internal 
clocks can be derived by either a divide-by-two or divide- 
by-four of the external frequency (fosc). Both of these 
options are mask selectable. 


RC — If the RC oscillator option is selected, then a resistor 
is connected to the oscillator pins as shown in Figure 7(b). 
The relationship between R and fogg is shown in Figure 8. 


CRYSTAL — The circuit shown in Figure 7(a) is recom- 
mended when using a crystal. The internal oscillator is 
designed to interface with an AT-cut parallel resonant quartz 
crystal resonator in the frequency range specified for fog¢ in 
the electrical characteristics table. Using an external CMOS 
oscillator is suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. Crystal fre- 
quency limits are also affected by Vpp. Refer to Control 
Timing Characteristics for limits. See Table 1. 


EXTERNAL CLOCK — An external clock should be ap- 
plied to the OSC1 input with the OSC2 input not connected, 
as shown in Figure 7(c). An external clock may be used with 
either the RC or crystal oscillator mask option. toxoy or 
tILCH do not apply when using an external clock input. 
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Crystal Parameters 


CDP6805G2 
OSC1 OSC2 


~ oa oe 


4] 


Crystal Oscillator Connections Equivalent Crystal Circuit 
(a) 


CDP6805G2 CDP6805G2 


OSC] OSC2 


OSC1 OSC2 


R Unconnected 
External Clock 
(b) RC Oscillator Connection (c) External Clock Source Connections 


Fig. 7 - Oscillator connections. 


OSCILLATOR FREQUENCY (MHz) 


Resisrance ( baie: 


92CS-38102 


Fig. 8 - Frequency vs. resistance for RC oscillator option only. 
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PAO-PA7 

These eight !/O lines comprise Port A. The state of any 
pin is software programmable. Refer to Input/Output Pro- 
gramming section for a detailed description. 


PBO-PB7 

These eight lines comprise Port B. The state of any pin is 
software programmable. Refer to Input/Output Program- 
ming section for a detailed description. 


PCO-PC7 

These eight lines comprise Port C. The state of any pin is 
software programmable. Refer to the Input/Output Pro- 
gramming section for a detailed description. 


Data Direction 
Register 
Bit 


Internal 
CDP6805G2 


Connections 


Typical Port 
Data Direction 
Register 


Typical Port 
Register 


Pin P-7 P-6 


P-5 


(b) 
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PDO-PD7 

These eight lines comprise Port D. PD4-PD7 also are 
capable of driving LED’s directly. The state of any pin is soft- 
ware programmable. Refer to the Input/Output Programing 
section for a detailed description. 


INPUT/OUTPUT PROGRAMMING 

Any port pin may be software programmed as an input or 
output by the state of the corresponding bit in the port Data 
Direction Register (DDR). A pin is configured as an output if 
its corresponding DDR bit is set to a logic ‘1.’ A pin is con- 
figured as an input if its corresponding DDR bit is cleared to 
a logic ‘0.’ At reset, all DDRs are cleared, which configures 
all port pins as inputs. A port pin configured as an output 
will output the data in the corresponding bit of its port data 
latch. Refer to Figure 9 and Table 2. 


P-4 


Fig. 9 - Typical port I/O circuitry. 


TABLE 2 — I/O PIN FUNCTIONS 


1/O Pin Function 
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SELF-CHECK 

The CDP6805G2 self-check is performed using the circuit 
in Figure 10. Self-check is initiated by tying NUM and 
TIMER pins to a logic 1 then executing a reset. After reset, 
five subroutines are called that execute the following tests: 

|/O— Functionally exercise port A, B, C, D 

RAM — Walking bit test 

ROM — Exclusive OR with odd 1’s parity result 

Timer— Functionally exercise timer 

Interrupts — Functionally exercise external and timer inter- 

rupts 

Self-check results are shown in Table 3. The following 
subroutines are available to user programs and do not re- 
quire any external hardware. 


RAM SELF-CHECK SUBROUTINE 

Returns with the Z-bit clear if any error is detected; other- 
wise the Z-bit is set. 

The RAM test must be called with the stack pointer at 
$07F. When run, the test checks every RAM cell except for 
$07F and $07E which are assumed to contain the return ad- 
dress. 

A and X are modified. All RAM locations except the 
top 2 are modified. (Enter at location $1F80.) 


CDP6805G2 


ROM CHECKSUM SUBROUTINE 

Returns with Z-bit cleared if any error was found, 
otherwise Z = 1. X=0on return, and A is zero if the test 
passed. RAM locations $040-$043 are overwritten. 
(Enter at location $1F9B.) 


TIMER TEST SUBROUTINE 

Return with Z-bit cleared if any error was found; otherwise 
Z=1. 

This routine runs a simple test on the timer. In order to 
work correctly as a user subroutine, the internal clock must 
be the clocking source and interrupts must be disabled. 
Also, on exit, the clock will be running and the interrupt 
mask not set so the caller must protect himself from inter- 
rupts if necessary 

Aand X register contents are lost; this routine counts 
how many times the clock counts in 128 cycles. The 
number of counts should be a power of two since the 
prescaler is a power of two. If not, the timer probably is 
not counting correctly. The routine also detects if the 
timer is running at all. (Enter at location $1FB5.) 


MEMORY 


The CDP6805G2 has a total address space of 8192 bytes 


of memory and I/O registers. The address space is shownin 
Figure 11. 


Test Status 
Indication 


NOTE: The RC Oscillator Option 
May Be Used In This Circuit. 


Fig. 10 - Self-check circuit. 
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TABLE 3 — SELF-CHECK RESULTS 
| PDO | Remarks 
| 0. | Bad 1/0 
ee ee 
Poa | oo Bad RAM 
po | co Tt Bad Rom 
(oan (ea as Bad Interrupt or Request Flag 
AT Gyeing 
All Others 
$0000 
1/0 Ports 0 $0000 
Access Timer 
Direct 128 $0080 : 
Addressing i 3 $0003 
Aik 2096 Bytes SOOFF 4 Port A Data Direction $0004 
eye User ROM $0100 aa 
5 Port B Data Direction $0005 
6 Port C Data Direction $0006 
2223 
2224 a 7 Port D Data Direction $0007 
2304 $0900 10 000A 
5760 Bytes 6 Bytes 
Unused” Unused * 
15 SQO0F 
16 $0010 
RAM 
(112 Bytes) 
8063 S1F7F 
8064 118 Bytes $1F80 63 $003F 
64 
8181 Self-Check ROM S1FF5 ee 
8182 $1FF6- $1FF7 
1 
User $1FF8-$1FF9 
mele S1FFA-S1FF 
Interrupt cos ‘ “ Stack (64 Bytes Max) 
Vectors 


$1FFC-S1FFD 


S$1FFE-S1FFF 
127 


8191 $007F 


*Reads of unused locations undefined. 


Fig. 11 - Address map. 
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The first 128 bytes of memory (first half of page zero) is 
comprised of the |/O port locations, timer locations, and 112 
bytes of RAM. The next 2096 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and interrupt 
vectors. 

The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts and sub- 
routine calls. At power-up, the stack pointer is set to $O07F 
and it is decremented as data is pushed on the stack. When 
data is removed from the stack, the stack pointer is incre- 
mented. A maximum of 64 bytes of RAM is available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts and/or 
subroutine stacking purposes, the unused bytes are usable 
for program data storage. 


REGISTERS 


The CDP6805G2 contains five registers as shown in the 
programming model in Figure 12. The interrupt stacking 
order is shown in Figure 13. 


j 
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ACCUMULATOR (A) 
This accumulator is an 8-bit general purpose register used 
for arithmetic calculations and data manipulations. 


INDEX REGISTER (X) 

The X register is an 8-bit register which is used during the 
indexed modes of addressing. It provides an 8-bit operand 
which is used to create an effective address. The index 
register is also used for data manipulations with the 
read/modify/write type of instructions and as a temporary 
storage register when not performing addressing operations. 


PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains the 
address of the next instruction to be executed by the pro- 
cessor. 


STACK POINTER (SP) 

The stack pointer is a 13-bit register containing the 
address of the next free location on the stack. When access- 
ing memory, the seven most-significant bits are permanently 
set to 0000001. These seven bits are appended to the six 
least-significant register bits to produce an address within 
the range of $007F to $0040. The stack area of RAM is used 
to store the return address on subroutine calls and the 


Accumulator 


12 


12 6 


0 
A 

7 | 0 

0 


Program Counter 


5 0 
Fofofofofofojry —sP_—- Stack Pointer 
GC 


Condition Code Register 
Carry/ Borrow 

Zero 

Negative 

Interrupt Mask 

Half Carry 


Fig. 12 - Programming Model. 


7 


increasing Memory 
Addresses 


zZzuvucuAMmD 


Unstack 


Condition Code Register 


Accumulator 


Index Register 


[eden easter 
0 a 


O Stack 


Decreasing Memory 
Addresses 


AVC DDWDMAZ— 


NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is in 


the reverse order. 


Fig. 13 - Stacking order. 
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machine state during interrupts. During external or power- 
on reset, and during a “‘reset stack pointer’ instruction, the 
stack pointer is set to its upper limit ($Q07F). Nested inter- 
rupts and/or subroutines may use up to 64 (decimal) loca- 
tions, beyond. which the stack pointer ‘‘wraps around’ and 
points to its upper limit thereby losing the previously stored 
information. A subroutine call occupies two RAM bytes on 
the stack, while an interrupt uses five bytes. 


CONDITION CODE REGISTER (CC) 

The condition code register is a 65-bit register which in- 
dicates the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 


HALF CARRY BITS (H) — The H-bit is set to a one when 
a carry occurs between bits 3 and 4 of the ALU during an 
ADD or ADC instruction. The H-bit is useful in binary coded 
decimal subroutines. 


INTERRUPT MASK BIT (I) — When the I-bit is set, both 
the external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an interrupt 
occurs while the |-bit is set, the interrupt is latched and is 
processed when the I-bit is next cleared. 


NEGATIVE (N) — Indicates that the result of the last 
arithmetic, logical, or data manipulation is negative (bit 7 in 
the result is a logical one). 


ZERO (Z) — Indicates that the result of the last arithmetic, 
logical, or data manipulation is zero. 


CARRY/BORROW (C) — Indicates that a carry or borrow 
out of the arithmetic logic unit (ALU) occurred during the 
last.arithmetic operation. This bit is also affected during bit 
test and branch instructions, shifts, and rotates. 


RESETS 


The CDP6805G2 has two reset modes: an active low 
external reset pin (RESET) and a power-on reset function; 


refer to Figure 5. 


RESET 
The RESET input pin is used to reset the MCU to provide 
an orderly software start-up procedure. When using the ex- 
ternal reset mode, the RESET pin must stay low for a mini- 
» mum of one toyc. The RESET pin is provided with a Schmitt 
Trigger input to improve its noise immunity. 


POWER-ON RESET 

The power-on reset occurs when a positive transition is 
detected on Vpp. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay from the time of the first oscillator opera- 
tion. If the external RESET pin is low at the end of the 1920 
tcyc time out, the processor remains in the reset condition. 


* Any current instruction including SWI. 
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Either of the two types of reset conditions causes the 
following to occur: 

— Timer control register interrupt request bit TCR7 is 
cleared to a “0.” 

~— Timer control register interrupt mask bit TCR6 is set toa 
nq 

— All data direction register bits are cleared to a ‘’0.” All 
ports are defined as inputs. 

— Stack pointer is set to $OO7F. 

— The internal address bus is forced to the reset vector 
(S1FFE, $1FFF). 

— Condition code register interrupt mask bit (|) is set to a 
“yn 

— STOP and WAIT latches are reset. 

— External interrupt latch is reset. 


All other functions, such as other registers (including out- 
put ports), the timer, etc., are not cleared by the reset condi- 
tions. 


INTERRUPTS 


The CDP6805G2 may be interrupted by one of three 
different methods: either one of two maskable hardware 
interrupts (external input or timer) or a nonmaskable 
software interrupt (SWI). Systems often require that 
normal processing be interrupted so that some external 
event may be serviced. 

Interrupts cause the processor registers to be saved 
on the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the 
register contents to be recovered from the stack 
followed by a return to normal processing. The stack 
order is shown in Figure 13. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are 
considered pending until the current instruction 
execution is complete. 


Note 
The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the 
processor checks all pending hardware interrupts and 
if unmasked (I bit clear), proceeds with interrupt 
processing; otherwise, the next instruction is fetched 
and executed. Note that masked interrupts are latched 


for later interrupt service. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is executed 
the same as any other instruction and as such takes 
precedence over hardware interrupts only if the | bitis 
set (hardware interrupts masked). Refer to Figure 14 for 
the interrupt and instruction processing sequence. 
__Table 4 shows the execution priority of the RESET, 
IRQ and timer interrupts, and instructions (including 
the software interrupts, SWI). Two conditions are 
shown, one with the | bit set and the other with | bit 
clear; however, in either case RESET has the highest 
priority of execution. If the | bit is set as per Table 4(a), 
the second highest priority is assigned to any instruction 
including SWI. This is illustrated in Figure 14 which 
shows that the IRQ or Timer interrupts are not executed 
when the | bit is set. If the | bit is cleared as per Table 
4(b), the priorities change in that the next instruction 
(SWI or other instruction) is not fetched until after the 
IRQ and Timer interrupts have been recognized (and 
serviced). Also, when the | bit is clear, if both IRQ and 
Timer interrupts are pending, the IRQ interrupt is 
always serviced before the Timer interrupt. 
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1—I (in CC) 
007F—SP 
0—DDRs 

CLR IRQ Logic 

TCR b7—0 

TCR b6—1 


Put IFFE on 
Address Bus 


Stack 
PC, X,A, CC 


Load PC From: 
SWI: 1FFC/1FFD 
TRO: 1FFA/1FFB 
TIMER: 1FF8/1FF9 
Timer Wait: 1FF6/1FF7 


RESET 
Pin=Low 


ny RESET 
Pin=High 


Is 
Load PC Fetched 
from Instruction PC—PC+1 
1FFE/1FFF 
? 


Execute All 
Instruction 
Cycles 


92CM-38II1 


Fig. 14- RESET and INTERRUPT processing flowchart. 
TABLE 4 - INTERRUPT/INSTRUCTION EXECUTION PRIORITY AND VECTOR ADDRESS 


(a) | Bit Set 


Interrupt/Instruction 


RESET $1FFE-$1FFF 
SWI (or Other Instruction) $1FFC-$1FFD 


NOTE: IRQ and Timer Interrupts are not executed when the | bit is set; therefore, they 
are not shown. 
(b) | Bit Clear 


RESET $1FFE-$1F FF 


IRQ $1FFA-$1FFB 

Timer $1FF8-$1FF9 
$1FF6-$1FF7* 

SWI (or other Instruction) $1FFC-$1FFD 


* The Timer vector address from the WAIT mode is $1FF6-$1FF7. 
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Note 


Processing is such that at the end of the current 
instruction execution, the | bit is tested and if set the 
next instruction (including SWI) is fetched. If the | bit is 
cleared, the hardware interrupt latches are tested, and 
if no hardware interrupt is pending, the program falls 
through and the next instruction is fetched. 


TIMER INTERRUPT 


If the timer interrupt mask bit (TCR6) is cleared, then 
each time the timer decrements to zero (transitions 
from $01 to $00) an interrupt request is generated. The 
actual processor interrupt is generated only if the 
interrupt mask bit of the condition code register is also 
cleared. When the interrupt is recognized, the current 
state of the machine is pushed onto the stack and the 
interrupt mask bit in the condition code register is set. 
This masks further interrupts until the present one is 
serviced. The processor now vectors to the timer 
interrupt service routine. The address for this service 
routine is specified by the contents of $1FF8 and $1FF9 
unless the processor is in a WAIT mode in which case 
the contents of $1FF6 and $1FF7 specify the timer 
service routine address. Software must be used to clear 
the timer interrupt request bit (TCR7). At the end of the 
timer interrupt service routine, the software normally 
executes an RTI instruction which restores the machine 
state and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


If the interrupt mask bit of the condition code register 
is cleared and the external interrupt pin (IRQ) is low, 


then the external interrupt occurs. The action of the 
external interrupt is identical to the timer interrupt with 
the exception that the service routine address is 
specified by the contents of $1FFA and $1FFB. Eithera 
ievel- and edge-sensitive trigger (or edge-sensitive 
only) are available as mask options. Figure 15 shows 
both a functional diagram and timing for the interrupt 
line. The timing diagram shows two different treatments 
of the interrupt line (IRQ) to the processor. The first 
method is single pulses on the interrupt line spaced far 
enough apart to be serviced. The minimum time between 
pulses is a function of the length of the interrupt service 
routine. Once a pulse occurs, the next pulse should not 
occur until the MPU software has exited the routine (an 
RTI occurs). This time (tii) is obtained by adding 20 
instruction cycles (tcyc) to the total number of cycles is 
takes to complete the service routine including the RTI 
instruction; refer to Figure 15. The second configuration 
shows many interrupt lines ‘“wire-ORed” to form the 
interrupts at the processor. Thus, if after servicing an 
interrupt the IRQ remains low, then the next interruptis 
recognized. 


SOFTWARE INTERRUPT (SWI) 


The software interrupt is an executable instruction. 
The action of the SWI instruction is similar to the 
hardware interrupts. The SWI is executed regardless of 
the state of the interrupt mask in the condition code 
register. The service routine address is specified by the 
contents of memory locations $1FFC and $1FFD. See 
Figure 14 for interrupt and instruction processing 
flowchart. 


(a) Interrupt Functional Diagram 
Level Sensitive 


Mask Option 


Interrupt Pin 


| ae 
IR _ fein | | 


External 
Interrupt 
Request 


| Bit (CCR) 


Power-On Reset 


External Reset 

External Interrupt 

Being Serviced 

Edge Condition 

(The minimum pulse width (tiLjH is one 
toye. The period tiLiL should not be 
less than the number of tcyc cycles it 
takes to execute the interrupt service rou- 
tine plus 20 toyc cycles.) 


Mask Optional Level Sensitive 
(If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is re- 
cognized) 


Fig. 15 - External interrupt. 
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STOP 

The STOP instruction places the CDP6805G2 in its 
lowest power consumption mode. In the STOP function the 
internal oscillator is turned off, causing all internal process- 
ing and the timer to be halted; refer to Figure 16. 

During the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pending timer interrupt re- 
quests and to disable any further timer interrupts. The timer 
prescaler is cleared. External interrupts are enabled in the 
condition code register. All other registers and memory re- 
main unaltered. All 1/O lines remain unchanged. 


Stop Oscillator 
And All Clocks 
TCR Bit 7-0 
Bit 6— 1 
Clear | Mask 


; External 
No Interrupt? 


f Turn on Oscillator 
Wait for Time 
Delay to Stabilize 


Fetch External 
Interrupt or 


Reset Vector 


Fig. 16 - Stop function flowchart. 


WAIT 

The WAIT instruction places the CDP6805G2 in a low 
power consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is diabled from all internal circuitry 
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except the timer circuit; refer to Figure 17. Thus, all internal 
processing is halted; however, the timer continues to count 
normally. 

During the Wait mode, the I-bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled to allow a periodic exit from the Wait mode. 
lf an external and a timer interrupt occur at the same time, 
the external interrupt is serviced first; then, if the timer inter- 
rupt request is not cleared in the external interrupt 
routine,the normal timer interrupt (not the timer Wait inter- 
rupt) is serviced since the MCU is no longer in the WAIT 
mode. 


TIMER 


The MCU timer contains a 8-bit software programmable 
counter with7-bit software selectable prescaler. The counter 
may be present under program control and decrements 
towards zero. When the counter decrements to zero, the 
timer interrupt request bit, i.e., bit 7 of the timer control 
register (TRC), is set. Then, if the timer interrupt is not 
masked, i.e., bit 6 of the TCR and the I-bit in the condition 
code register are both cleared, the processor receives an in- 
terrupt. After completion of the current instruction, the pro- 
cessor proceeds to store the appropriate registers on the 
stack, and then fetches the timer vector address from loca- 
tions $1FF8 and $1FF9 (or $1FF6 and $1FF7 if in the WAIT 
mode) in order to beging servicing. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer interrupt request bit 
was set. The counter may be read at any time by the pro- 
cessor without disturbing the count. The contents of the 
counter becomes stable prior to the read portion of a cycle 
and does not change during the read. The timer interrupt re- 
quest bit remains set until cleared by the software. If a read 
occurs before the timer interrupt is serviced, the interrupt is 
lost. TCR7 may also be used as a scanned status bit in a non- 
interrupt mode of operation (TCR6= 1). 

The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which is used as the counter input. The processor 
cannot write into or read from the prescaler; however, its 
contents are clearedto all ‘’0’s’’ by the write operation into 
TCR when bit 3 of the written data equals 1. This allows for 
truncation-free Counting. 

The timer input can be configured for three different 
operating modes, plus a disable mode depending on the 
value written to the TCR4, TCR5 control bits. Refer to the 
Timer Control Register section. 


TIMER INPUT MODE 1 

If TCR4 and TCR5 are both programmed to a ‘’0,” the in- 
put to the timer is from an internal clock and the TIMER in- 
put pin is disabled. The internal clock mode can be used for 
periodic interrupt generation, as well as a reference in fre- 
quency and event measurement. The internal clock is the in- 
struction cycle clock. During a WAIT instruction, the inter- 
nal clock to the timer continues to run at its normal rate. 
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Fig. 17 - Wait function flowchart. 


TIMER INPUT MODE 2 

With TCR4=1 and TCR5=0, the internal clock and the 
TIMER input pin are ANDed together to form the timer input 
signal. This mode can be used to measure external pulse 
widths. The external pulse simply turns on the internal clock 
for the duration of the pulse. The resolution of the count in 
this mode is +1 clock and, therefore, accuracy improves 
with longer input pulse widths. 


TIMER INPUT MODE 3 
If TCR4=0 and TCR5=1, then all inputs to the Timer are 
disabled. 


TIMER INPUT MODE 4 

lf TCR4=1 and TCR5=1, the internal clock input to the 
Timer is disabled and the TIMER input pin becomes the in- 
put to the Timer. The timer can, in this mode, be used to 
count external events as well as external frequencies for 
generating periodic interrupts. The counter is clocked on the 
falling edge of the external signal. | 

Figure 18 shows a block diagram of the Timer subsystem. 
Power-on Reset and the STOP instruction cause the counter 
to be set to $FO. 
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Selected by TCRO, 


TCR1, TCR2 
oO Counter 
8 Bits 
OO0O0o0o00 090 
Interrupt 
Control 
Prescaler 
7 Bits 
Write Read Interrupt 
Cleared by e 
TCR3 


Nise pore 


Software Functions 


1. Prescaler and 8-bit counter are clocked on the falling edge of the internal clock or external input. 


2. Counter counts down continuously. 


Fig. 18 - Timer block diagram. 


Timer Contro! Register (TCR) 


7 6 5 4 3 2 1 0 
TCR7}| TCR6} TCR5 | TCR4 | TCR3 | TCR2} TCR1{ TCRO 


All bits in this register except bit 3 are Read/Write bits. 


TCR7 — Timer interrupt request bit: bit used to indicate 
the timer interrupt when it is logic 1". 


1 — Set whenever the counter decrements.to zero, or un- 
der programm control. 

O — Cleared on external reset, power-on reset, STOP in- 
struction, or program control. 


TCR6 — Timer interrupt mask bit: when this bit is a logic 
"1" it inhibits the timer interrupt to the processor. 
1 — Set on external reset, power-on reset, STOP instruc- 
tion, Or program control. 
0 — Cleared under program control. 


TCR5 — External or internal bit: selects the input clock 
source to be either the external timer pin or the internal 
clock. (Unaffected by RESET.) 

1 — Select external clock source. 

O — Select internal clock source (AS). 


TCR4 — External enable bit: control bit used to enable the 
external timer pin. (Unaffected by RESET.) 

1 — Enable external timer pin. 

O — Disable external timer pin. 


TCRS5 TCR4 


pit TIMER pin to Timer 


Refer to Figure 18 for Logic Representation. 


TCR3 — Timer Prescaler Reset bit: writing a‘'1" to this bit 
resets the prescaler to zero. A read of this location always in- 
dicates a ‘0’. (Unaffected by RESET.) 


TCR2, TCR1, TCRO — Prescaler select bits: decoded to 
select one of eight taps on the prescaler. (Unaffected by 


Prescaler 


+1 
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The MCU has a set of 61 basic instructions. They can be 
divided into five different types: register/memory, 
read/modify/write, branch, bit manipulation, and control. 
The following paragraphs briefly explain each type. All the 
instructions within a given type are presented in individual 
tables. 


REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One 
operand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the ad- 
dressing modes. The operand for the jump unconditional 
(JMP) and jump to subroutine (JSR) instructions is the 
program counter. Refer to Table 5. 


READ/MODIFY/WRITE INSTRUCTIONS 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value 
back to memory or to the register. The test for negative or 
zero (TST) instruction is an exception to the 
read/modify/write sequence since it does not modify the 
value. Refer to Table 6. 


BRANCH INSTRUCTIONS 

Most branch instructions test the state of the Condition 
Code Register and if certain criteria are met, a branch is ex- 
ecuted. This adds an offset between + 128 and — 127 to the 
current program counter. Refer to Table 7. 


BIT MANIPULATION INSTRUCTIONS 

The MPU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where all 
port registers, port DDR’s, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 loca- 
tions. The bit set, bit clear and bit test and branch functions 
are all implemented with a single instruction. For the test 
and branch instructions the value of the bit tested is also 
placed in the carry bit of the Condition Code Register. Refer 
to Table 8 for instruction cycle timing. 


CONTROL INSTRUCTIONS 

These instructions are register reference instructions and 
are used to Control processor operation during program ex- 
ecution. Refer to Table 9 for instruction cycle timing. 


ALPHABETICAL LISTING 
The complete instruction set is given in alphabetical order 
in Table 11. 


OPCODE MAP 
Table 10 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 

The MCU uses ten different addressing modes to give the 
programmer an opportunity to optimize the code to all situa- 
tions. The various indexed addressing modes make it possi- 
ble to locate data tables, code conversion tables and scalling 
tables anywhere in the memory space. Short indexed ac- 
cesses are single byte instructions, while the longest instruc- 
tions (three bytes) permit tables throughout memory. Short 
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and long absolute addressing is also included. One and two 
byte direct addressing instructions access all data bytes in- 
most applications. Extended addressing permits jump in- 
structions to reach all memory. Table 11 shows the address- 
ing modes for each instruction, with the effects each in- 
struction has on the Condition Code Register. An opcode 
map is shown in Table 10. 

The term ‘Effective Address’’ (EA) is used in describing 
the various addressing modes, which is defined as the byte 
address to or from which the argument for an instruction is 
fetched or stored. The ten addressing modes of the pro- 
cessor are described below. Parentheses are used to indicate 
“contents of,’’ an arrow indicates ‘‘is replaced by’’ and a col- 
on indicates concatenation of two bytes. 


INHERENT 

In inherent instructions all the information necessary to 
execute the instruction is contained in the opcode. Opera- 
tions specifying only the index register or accumulator, and 
no other arguments, are included in this mode. 


IMMEDIATE 

In immediate addressing, the operand is contained in the 
byte immediately following the opcode. Immediate address- 
ing is used to access constants which do not change during 
program execution (e.g., a constant used to initialize a loop 
counter). 


EA=PC+1; PC—PC+2 


DIRECT 

In the direct addressing mode, the effective address of the 
argument is Contained in a single byte following the opcode 
byte. Direct addressing allows the user to directly address 
the lowest 256 bytes in memory with a single two byte in- 
struction. This includes all on-chip RAM and 1/0 registers 
and 128 bytes of on-chip ROM. Direct addressing is efficient 
in both memory and time. 


EA=(PC+1); PC-—PC+2 
Address Bus High+-0; Address Bus Low—(PC+ 1) 


EXTENDED 


In the extended addressing mode, the effective address of 
the argument is contained in the two bytes following the op- 
code. Instructions with extended addressing modes are 
capable of referencing arguments anywhere in memory with 
a single three byte instruction. 


EA=(PC+1):(PC+2); PC—PC+3 
Address Bus High—(PC+1); Address Bus Low—(PC + 2) 


INDEXED, NO-OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 256 
memory locations. These instructions are only one byte long 
and therefore are more efficient. This mode is used to move 
a pointer through a table or to address a frequency refer- 
enced RAM or I/O location. 


EA=X; PC-—PC+1 
Address Bus High+0; Address Bus Low+X 
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INDEXED, 8-BIT OFFSET 


Here the EA is obtained by adding the contents of the 
byte following the opcode to that of the index register. 
The operand is therefore located anywhere within the 
lowest 511 memory locations. For example, this mode 
of addressing is useful for selecting the m-th element in 
an n element table. All instructions are two bytes. The 
contents of the index register (X) is not changed. The 
contents of (PC + 1) is an unsigned 8-bit integer. One 
byte offset indexing permits look-up tables to be easily 
accessed in either RAM or ROM. 


EA=X+(PC+1);PC-PC +2 


Address Bus High—K; Address Bus Low—X+ (PC + 1) 
Where: K= The carry from the addition of X+ (PC + 1) 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode the 
effective address is the sum of the contents of the 
unsigned 8-bit index register and the two unsigned 
bytes following the opcode. This addressing mode can 
be used in a manner similar to indexed 8-bit offset, 
except that this three byte instruction allows tables to 
be anywhere in memory (e.g., jump tables in ROM). 


EA=X+([(PC+ 1):(PC+2)]; PC—PC+3 
Address Bus High—(PC+ 1) +K; 
Address Bus Low—X+(PC+ 2) 
Where: K= The carry from the addition of X + (PC + 2) 


RELATIVE 


Relative addressing is only used in branch 
instructions. In relative addressing the contents of the 
8-bit signed byte following the opcode (the offset) is 
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added to the PC if and only if the branch condition is 
true. Otherwise, control proceeds to the next 
instruction. The span of relative addressing is limited to 
the range of -126 to +129 bytes from the branch 
instruction opcode location. 


BIT SET/CLEAR 


Direct addressing and bit addressing are combined in in- 
structions which set and clear individual memory and |/O 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address in the location following the opcode. The 
first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified with three bits of the 
opcode. The bit set and clear instructions occupy two bytes, 
one for the opcode (including the bit number) and the 
second to address the byte which contains the bit of interest. 

EA=(PC+1); PC—PC+2 
Address Bus High—0; Address Bus Low+(PC + 1) 


BIT TEST AND BRANCH 


Bit test and branch is a combination of direct addressing, 
bit addressing and relative addressing. The bit address and 
condition (set or clear) to be tested is part of the opcode. 
The address of the byte to be tested is in the single byte im- 
mediately following the opcode byte (EA1). The signed 
relative 8-bit offset is in the third byte (EA2) and is added to 
the PC if the specified bit is set or clear in the specified 
memory location. This single three byte instruction allows 
the program to branch based on the condition of any bit in 
the first 256 locations of memory. 


EA1=(PC+1) 
Address Bus High+0; Address Bus Low—(PC + 1) 
EA2=PC4+3+(PC+2); PC—EAZ2 if branch taken; 
otherwise PC—PC+3 
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TABLE 7 - BRANCH INSTRUCTIONS 


Relative Addressing Mode 


# 
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O 
ao] 


Ste: 


Cycles 
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24 
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Branch to Subroutine 


TABLE 8 - BIT MANIPULATION INSTRUCTIONS 


Addressing Modes 
ane Bit Set/Clear Bit Test and Branch 


Op # 4 Op # # 
Code Bytes Cycles Code Bytes Cycles 
oe ee ee oe eee 6 


Branch IFF Bit n is Set BRSETn(n=0...7) | - 


Function 


[Branch FF Bitnis Clear [ BACLANIn=0..7/] —- | — | - |oiven| 3 | 8 | 
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rear sitn «CLA in= 0.7 ee 


TABLE 9 - CONTROL INSTRUCTIONS 


rancor | Mme | coto_| ove | cre 
Code Bytes Cycles 
Set Caryn ———S«T~—ssec—C*d|=S YS] SY 
[Clear Cary Be «tC 
Return from Interrupt RT hs 80. 
Reset Stack Pointer 
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TABLE 11 - INSTRUCTION SET 
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Condition Code Symbols 


A Test and Set if True Cleared Otherwise 


H_ Half Carry (From Bit 3) 


@® Not Affected 


Interrupt Mask 
N- Negative (Sign Bit) 


Z Zero 
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Load CC Register From Stack 


O Cleared 
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Set 


C Carry/Borrow 
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Fro corn eornat|comss | oraner corm 
| cmos | cmos | cmos | cmos _ 
[NumberofPins | 40 | Sao | Sto | S| Ste | 
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DATA PROGRAMMING INSTRUCTIONS 


When a customer submits instructions for programming 
RCA custom ROM'’s, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming instructions. Programming 
instructions may be submitted in any one of three ways, as 
follows: 
1. Computer-Card Deck—use standard 80-column com- 
puter punch cards. 
2. Floppy Diskette—diskette information must be gen- 
erated on an RCA CDP1800-series microprocessor 
development system. 


CDP6805G2 


3. Master Device— a ROM, PROM, EPROM or CDP6805G2 
that contains the required programming information. 


The requirements for each method are explained in detail in 
the following paragraphs: 


Computer-Card Method 

Use standard 80-column computer cards. Each card deck 
must contain, in order, a title card, an option card, a data- 
format card, and data cards. Punch the cards as specified in 
the following charts: 


TITLE CARD 


Punch T 

leave blank 
Customer Name (start at 6) 
leave blank 
Customer Address or Division (start at 35) 
leave blank 
RCA custom selection number (5 digits) (Obtained from RCA Sales Office) 


leave blank 


RCA device type, without CDP68 prefix, e.g. 05G2 
Punch an opening parenthesis ( 


Punch 8 


Punch a closing parenthesis ) 


leave blank 


Punch a 2-digit decimal number to indicate the deck number; 
the first deck should be numbered 01 


OPTION CARD 


Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type. 


Punch the word OPTION 
leave blank 


RCA device type, including CDP68 prefix, e.g. CDP6805G2 


leave blank 


Punch P or N per ROM Information Sheet 


leave blank 


Punch the deck number (the 2-digit number in 
columns 79-80 of the title card) 


DATA-FORMAT CARD 


leave blank 
Punch the letters HEX 
leave blank 
Punch POS 
leave blank 


Punch the deck number (the 2-digit number in 
columns 79-80 of the title card) 


The data-format card specifies the form in which the data is to be entered into ROM. 
[coumn no. | te 


Punch the words DATA FORMAT 
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DATA CARDS 
The data cards contain the hexadecimal data to be programmed into the ROM device. 
Each card must contain the starting address plus sixteen words of data in clusters of four Hex Bytes. 


Punch the starting address 2 hex digits of 9th WORD 
2 hex digits of 10th WORD 
Blank 

2 hex digits of 11th WORD 
2 hex digits of 12th WORD 
Blank 

2 hex digits of 13th WORD 
2 hex digits of 14th WORD 
Blank 

2 hex digits of 15th WORD 
2 hex digits of 16th WORD 
Semicolon, blank if last card 


in hexadecimal for the 
following data.* 

Blank 
2 hex digits of 1st WORD 
2 hex digits of 2nd WORD 
Blank 

2 hex digits of 3rd WORD 
2 hex digits of 4th WORD 
Blank 
2 hex digits 
2 hex digits o 
Blank 
2 hex digits of 7th WORD 
2 hex digits of 8th WORD 
Blank 


11-12 
13-14 


16-17 
18-19 


Sth WORD 
6th WORD 


= 


21-22 
23-24 


Blank 


Punch 2 decimal digits 


as in title card 


“The address block must start at 0080 and run through O8AF. Column 4 must be zero. One additional card starting at 1FFO is required to 
specify vectors. Note that as the sample program card shows, the 1FFO card rnust contain 16 data words. Zeros are used to fill unused 
locations 1FFO — 1FFS. 


To minimize power consumption, all unused ROM locations should contain zeros. 


OPTION DATA CARD 
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Master-Device Method 


EPROMs — 2716 EPROMs, programmed with the customer 
program (positive logic sense for address and data), may be 
submitted for pattern generation. Fill out Customer Information 
of ROM Information Sheet. The EPROMs must be clearly 
marked to indicate which EPROM corresponds to which 
address mapping. Note that the first 128 (0000-007 F) bytes of 
EPROM 1 correspond to the CDP6805G2 internal RAM Beal ince 


| 0000 | | 9800 | _1800_ 
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ports and will be ignored when generating ROM masks. Only 
the first 176 (O000-OOAF) bytes of EPROM 2 represent user 
ROM in the CDP6805G2 and all other locations are ignored. 
EPROM 3 may be replaced by filling out vector list on ROM 
Information Sheet since there are only 10 bytes. After the 
EPROMS are marked they should be placed in conductive IC 
carriers and oak packed. Do not use styrofoam. 


XXX = Customer ID 


Fig. A-1 - EPROM marking. 


ROM INFORMATION SHEET 


OPTION LIST 


Select the options for your MCU from the following list. A manufacturing mask will be generated from this information. 


Select one in each section. 


Internal Oscillator Input 


Column 28 of Option Card 


O Crystal OorN 
O) Resistor 1orP 
Internal Divide Column 29 of Option Card 
O +4 OorN 
O +2 1orP 
Interrupt Column 30 of Option Card 
C] Edge-Sensitive OorN 
C) Level- and Edge-Sensitive 1orP 
VECTOR LIST 
Timer Interrupt from Wait State Only 
Timer Interrupt 
External Interrupt 
SWI 
RESET 
CUSTOMER INFORMATION 
Customer Name 
Address 
City State Zip 
Phone ( ) Extension 


Contact Ms./Mr. 
Customer Part No. 


PATTERN MEDIA 
C 6808G2 
C] EPROM 
[ Card Deck 
© Other’ 


*Other media require factory approval. 
Signature 


Title 
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CMOS Peripherals 


Technical Data 


RCA presently has 35 CMOS peripherals which represent the industry’s largest 
number of CMOS peripherals with the broadest range of functions. Most of 
these devices can interface with 8-bit CMOS or NMOS micros with either 
multiplexed or non-multiplexed bus structures. There are many that can be 
interfaced directly without the need for additional “glue parts”. The chart on 
the following page shows a listing of RCA CMOS peripherals and how they 
can be mixed and matched to bus structures other than the RCA CDP1800- 
series Micros. 


RCA CMOS peripherals provide significant advantages in the requirements for 


space, weight, power, cost, and cooling when compared to typical NMOS 
microcomputer systems. 
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RCA CMOS Peripherals 
Can be used with CMOS and NMOS Processors 


MICROPROCESSOR BUS 


MULTIPLEXED NON-MULTIPLEXED 


MOTEL BUS 


8048 8051 

RCA DESCRIPTION 80C48 80C51 INPUT | FANOUT, 
1/0 TYPE AND 8049 8085 LEVELS (TTL 

FUNCTION 1802A 80C49 80C85 6502 LOADS) 

1804A 6805 8088 NSC800 65C02 

1/0 PORTS 
CDP1851 PROGRAMMABLE I/O PORT 1 
CDP1852 BYTE-WIDE I/O PORT 1 
CDP1872 8-BIT INPUT PORT 3 
CDP1874 8-BIT INPUT PORT 3 
CDP1875 8-BIT INPUT PORT 3 
CDP6823 PARALLEL INTERFACE 1 


MEMORY 
1/0 DECODERS 


CDP1853 
CDP1858 
CDP1859 
CDP1866 
CDP1867 
CDP1868 
CDP1873 
CDP1881 
CDP1882 
CDP1883 


(MOTEL BUS) 


N-BIT 1 OF 8 DECODER 
4-BIT LATCH/DECODER 
4-BIT LATCH/DECODER 
4-BIT LATCH/DECODER 
4-BIT LATCH/DECODER 
4-BIT LATCH/DECODER 
1 OF 8 BINARY DECODER 
6-BIT LATCH/DECODER 
6-BIT LATCH/DECODER 
7-BIT LATCH/DECODER 


a eee a eo ee ee ee ee en ee 


SERIAL 1/0 

CDP1854A UART YES YES 1 

CDP6402 UART YES YES 1 

CDP65C51 UART (WITH BAUD RATE GEN.) YES USE 6853 | USE 6853 | USE 6853 1 

CDP6853 UART (MOTEL BUS), WITH USE 65C51 YES USE 65C51| USE 65C51 1 
BAUD RATE GEN. 

MULTIPLY/ 

DIVIDE 

CDP1855 8-BIT PROGRAMMABLE MDU YES NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 1 

BUFFERS 

CDP1856 4-BIT BUS BUFFER SEPARATOR YES YES YES YES YES YES 1 

CDP1857 4-BIT BUS BUFFER SEPARATOR YES YES YES YES YES YES 1 

VIDEO 

CONTROL 

CDP1869 VIDEO INTERFACE SYSTEM (VIS) 

CDP1870 VIDEO INTERFACE SYSTEM (VIS) 

CDP1876 VIDEO INTERFACE SYSTEM (VIS) 

KEYBOARD 

INTERFACE 

CDP1871A KEYBOARD ENCODER 


TIMER 


CDP1863 
CDP1878 
CDP1879 
CDP6818 


CDP6848 


FUNCTIONS 


CDP68HC68T1 


8-BIT PROG. FREQ. GEN. 
DUAL COUNTER-TIMER 
REAL TIME CLOCK 
REAL TIME CLOCK/RAM 
(MOTEL BUS) 

DUAL COUNTER-TIMER 


SERIAL REAL-TIME CLOCK/RAM ° 


USE 6848 
USE 6818 


— 3 ok 


A/D 
CONVERTER SERIAL 8-CHANNEL 
CDP68HC68A1 | A/D CONVERTER 1 


INTERRUPT 
CONTROL 


CDP1877 


NOTES: 1. Yes but requires additional “glue parts”. 


PROGRAMMABLE 


INTERRUPT CONTROLLER (PIC) 


2.1 TTL load, I.E. = 0.4V at 1.6mA. 


CMOS Peripherals 


Features: 


Input 
Output 
Bidirectional 


TOP VIEW 92CS-31926 


TERMINAL ASSIGNMENT 


The RCA CDP1851 and CDP1851C are CMOS program- 
mable two-port I/Os designed for use as general-purpose 
1/O devices. They are directly compatible with CDP1800 
series microprocessors functioning at maximum clock 
frequency. Each port can be programmed in either byte-!/O 
or bit-programmable modes for interfacing with peripheral 
devices such as printers and keyboards. 


Both ports A and B can be separately programmed to be 8 
bit input or output ports with handshaking control lines, 
RDY and STROBE. Only portA can be programmed to bea 
bidirectional port. This configuration provides a means for 
communicating with a peripheral device or microprocessor 
system on a single 8 bit bus for both transmitting and 
receiving data. Handshaking signals are provided to 
maintain proper bus access control. Port A handshaking 


CDP1851 Programming Modes 


(2) 
FortA 
Handshaking Pins 


PortA 
Data Pins 


Bit-programmable 
s Operates in Either 1/O or Memory Space 
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CMOS Programmable I/O Interface 


s 20 Programmable !/O Lines 
» Programmable for Operation in Four Modes: 


lines are used for input control and port B handshaking 
lines are used for output; therefore port B must be in the 
bit-programmable mode where handshaking is not used. 


Ports A and B can be separately bit programmed so that 
each individual line can be designated as an input or output 
line. The handshaking lines may also be individually | 
programmed as input or output when port A is not in 
bidirectional mode. 


The CDP1851 has a supply-voltage range of 4to 10.5 V, and | 
the CDP1851C has a range of 4 to 6.5 V. Both types are 
supplied in 40-lead dual-in-line plastic (E suffix) or hermetic 
ceramic (D suffix) packages. The CDP1851C is also available 
in chip form (H suffix). 


(8) (2) 
Port B Port B 
Data Pins Handshaking Pins 


Accept input data READY, STROBE Accept input data READY, STROBE 


Output data READY, STROBE 


Input handshaking 
for Port A 


Bidrectional 
(Port A only) 


Transfer input/ 
output data 


Programmed 
Programmable 


individually as 
inputs or outputs 


Programmed 
individually as 
inputs or outputs 


READY, STROBE 
Output handshaking 
for Port A 


Must be 
previously set to 
bit-programmable mode 

Programmed Programmed 
individually as 


inputs or outputs 


individually as 
inputs or outputs 


File Number 1056 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 


COPVGS?D secetvne oot ale Had See etor se We Sc ale te oie reac arene ne Bs ee Ee BA Ree ee ea ee Sea -0.5to+11V 

CDR TSS 1G a4icct 5 CoG to ced ad cna neat te koe SG hw Oe a 8 LOS USS Has Be SERRA Va RIS AEA PERU Nock sa leet -0.5to+7V 
INPUT. VOLTAGE RANGE. ALL-INPUTS oa steece etre Fi dis Ves OEE EE BEA Se REE ERE OREO RE SRR -0.5 to Vpp +0.5 V 
DGANPU CURRENT ANY ONE-INPUT sacssssatiece eevee aa oes eee i oe be ee ea OER ET OER ee en Ee BAIS +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOri A= 40:10 60° C (PACKAGE TYPE: E) cess bene btiege ek wate aad bd Cann GATS ORG So sen SENS aa eevee rege S waacee athe 500 mW 

For Ta =*60:to +85°C (PACKAGE TYPE-E) ic ccuceirin cn vie wcses teva aD eae eee was eyes Derate Lineary at 12 mW/°C to 200 mW 

For Ta. =-65 to: 100°C (PACKAGE TYPE D) signgis bei ais vile daa ee Adee EEO RR Gh OS SEe DRESS AGRE WOO da Soleo ahaa eles 500 mW 

For TA = +100:to +125" GC. (PACKAGE TYPED) o6.:cas coicivetausea neta hedae dean saen eeeewnes Derate Lineary at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (AI Package Type) ......... cece cece cee nee eee een e cette een eens 40 mW 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPE D, H 


PACKAGE TV Pee ti peer See dee Riis oe LER DE ear dad alow. dada G ts eM A ae ata eee ae Rene Se es -40 to +85°C 
STORAGE TEMPERATURE RANGE ES (| ee eo oro n coe -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ... cece ccc et ee eee eee eee eaten eee eee +265°C 


OPERATING CONDITIONS at Ta = Full Package- Temperature Range. For maximum reliability, operating conditions should 
be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC CDP1851 CDP1851C 


DC Operating Voltage Range 
Input Voltage Range 


DATA Ae 
BUS 
BOFEER 777) SECTION “4 
A 


a 


i as 
AT 
A READY 
g STROBE 
g 
CLOCK y 
K MODE 
aa ADDRESS GZ CONTROL 
iad Oe A STATUS 
WR/RD ag is REGISTERS 
RO/WR WRITE iW 
TPB LOGIC Y) 
a 4h 
y BO 
Ak Be 
B 
A INT ZZ a 
INTERRUPT ere 
eit | “ano. 8 es 
LOGIC BS 
READY 
STROBE 


92CM-34326R! 


Fig. 1 - Functional diagram for CDP1851 and CDP1851C. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, Except as noted 


LIMITS 
CHARACTERISTIC 


(V) 
Quiescent Device Current 


Output Low Drive 
(Sink) Current 


8 

10 2.6 

Output High Drive 4.6 0,5 5 -1.15 
(Source) Current -2.6 


Output Voltage 5 


Low-Level 10 
Output Voltage 5 


High Level 


Input Low Voltage 


Input High Voltage 
Input Leakage Current 


3-State Output, Leakage 
Current 


Operating Current 


Input Capacitance 
Output Capacitance 


*Typical values are for Ta = 25°C and nominal Vpp. 
FOL = !OH = 1A. 


o o 
on oO © 


AOperating current is measured at 200 kHz for Vpp = 5 V and 400 kHz for Vpp = 10 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 


FUNCTIONAL DESCRIPTION 


The CDP1851 has four modes of operation: input, output, 
bidirectional, and bit-programmable. Port A is program- 
mable in all modes; port B is programmable in all but the 
bidirectional mode. A control byte must be loaded into the 
control register to program the ports. In the input and 
output modes, each port has two handshaking signals, 
STROBE and RDY. In the bidirectional mode, port A has 
four handshaking signals: ARDY and A STROBE for input, 
B RDY andB STROBE for output. If port Ais programmed in 
the bidirectional mode, port B must be programmed in the 
bit-programmable mode. Each terminal of port A or B may 
be individually programmed for input or output in the bit- 
programmable mode. Since handshaking is not used in this 
mode, the RDY and STROBE lines may also be used for 
bit-programming if port A is not in the bidirectional mode. 


Input Mode 
When a peripheral device has data to input, it sends a 


STROBE pulse to the PIO. The leading edge of this pulse 
clears the RDY line, inhibiting further transmission from the 
peripheral. The trailing edge of the STROBE pulse latches 
the data into the PIO buffer register and also activates the 
INT line to signal the CPU to read this data. The INT pincan 
be wired to the INT pin of the CPU or the EF lines for polling. 
The CPU then executes an input or a load instruction, 
depending on the mapping technique used. In either case 
the proper code must be asserted on the RAO, RA1, and CS 
lines to read the buffer register (see Table VI). 


The INT line is deactivated on the leading edge of TPB. The 
trailing edge of TPB sets the RDY line to signal the 
peripheral that the port is ready to be loaded with new data. 
If RDY is low when the input mode is entered (i.e. after a 
reset), a “dummy” read must be done to set RDY high and 
signal the peripheral device that the port is ready to be 
loaded. 
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FUNCTIONAL DESCRIPTION (Cont'd) 


Output Mode 


A peripheral STROBE pulse sent to the PIO generates an 
interrupt to signal the CPU that the peripheral device is 
ready for data. The CPU executes the proper output or store 
instruction. Data are than read from memory and placed on 
the bus. The data are latched into the port buffer at the end 
of the window when RE/WE = 0 and WR/RE = 1. The RDY 
line is also set at this time, indicating to the peripheral that 
there is data in the port buffer. The INT line is deactivated at 
the beginning of the window. After the peripheral reads 
valid port data, itcan send another STROBE pulse, clearing 
the RDY line and activating the INT line as in the input 
mode. 


Bidirectional Mode 


This mode programs port A to function as both an input and 
output port. The bidirectional feature allows the peripheral 
to control port direction by using both sets of handshake 
signals. The port A handshaking pins are used to control 
input data from peripheral to PIO, while the port B 
handshaking pins are used to control output data from PIO 
to peripheral. Data are transferred in the same manner as 
the input and output modes. Since A INT is used for both 


A2 
CDPI800 A3 NO. | 
EA MIEY A4 CUPI85| 
LP 
A5 
A6 
AT 
© Vop 
10 kQ 
B INT 
A INT 


d 


BUS O-7 


ADDRESS REGISTER 


ADDRESS SELECTS 
NO. | CONTROL/ 
800! STATUS REG 
8002 NO. | PORT A 
8003 NO.! PORT B 
NO. 2 CONTROL/ 
gooc | NO.2PORTB 


input and output, the status register must be read to 
determine what condition caused A INT to be activated (see 
Table V). 


Bit—Programmable Mode 


This mode allows individual bits of port A or port B to be 
programmed as inputs or outputs. To output data to bits 
programmed as outputs, the CPU loads a data byte into the 
8 bit port as in the output mode (no handshaking). Only bits 
programmed for outputs latch this data. Data must be stable 
when reading from bits programmed as inputs, since the 
input bits do not latch. When the CDP1851 inputs data to the 
CPU the CPU also reads the output bits latched during the 
last output cycle. The RDY and STROBE lines may be used 
for |/O by using the STROBE/RDY I/O control byte in table 
Il. An additional feature available in the bit-programmable 
mode is the ability to generate interrupts based on 
input/output byte combinations. These interrupts can be 
programmed to occur on logic conditions (AND, OR, 
NAND, and NOR) generated by the eight I/O lines of each 
port (The STROBE and RDY lines cannot generate 
interrupts). 


A RDY 


B RDY 
A STROBE 
B STROBE 


PORT AO—-Ar 


PORT BO-B7 


BUS 0-7 


A RDY 
B RDY 
A STROBE 
B STROBE 


PORT AO ~—A7 


PORT BO-B7 


PIO 
NO. 2 
CDPIS5| 


92CM- 31924 


Fig. 2- Memory space !/O. This configuration allows up to four CDP1851s to occupy 
memory space 8XXX with no additional hardware (A4 - AS and A6 - A7 are used as 
RAO and RA1 on the third and fourth PIO’s). 
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PROGRAMMING 


Initialization and Controls 

The CDP1851 PIO must be cleared by a low on the 
CLEAR input during power-on to set it for programming. 
Once programmed, modes can be changed without 
clearing except when exiting the bit-programmable 
mode. A low on the CLEAR input sets both ports to the 
input modes, disables interrupts, unmasks all bit- 
programmed interrupt bits, and resets the status 
register, ARDY, and B RDY. 


Mode Setting . 

The control register must be sequentially loaded with 
the appropriate mode set control bytes in order as 
shown in table | (i.e. input mode then output mode, 
etc.). Port Ais set with the SET A bit = 1 and port Bisset 
with the SET B bit = 1. If a port is set to the bit- 
programmable mode, the bit-programming control byte 
from table Il must be loaded. A bit is programmed for 
output with the I/O bit = 1 and for input with the I/O bit = 
0. The STROBE and RDY lines may be programmed for 
input or output with the STROBE/RDY control byte of 


3. 


table Il. Input data on the STROBE and RDY lines is 
detected by reading the status register. When using the 
STROBE or RDY lines for output, the control byte must 
be loaded every time output data is to be changed. To 
program logical conditions that will generate an 
interrupt, the interrupt control byte of table II! must be 
loaded. An interrupt mask of the eight I/O lines may be 
loaded next, if bit D4 (mask follows) of the interrupt 
control byte = 1. The I/O lines are masked if the 
corresponding bit of the interrupt mask register is 1, 
otherwise it is monitored. Any combination of masked 
bits are permissable, except all bits masked (mask = 
FF). 


INT Enable/Disable __ 

To enable or disable the INT line in all modes, the 
interrupt ENABLE/DISABLE byte must be loaded (see 
Table IV). Interrupts can also be detected by reading 
the status register see table V. All interrupts should be 
disabled when programming or false interrupts may 
occur. The INT outputs are open drain NMOS devices 
that allow wired ORing (use 10K pull-up registers). 


A FLOW CHART GUIDE TO CDP1851 MODE PROGRAMMING 


SEQUENCE BEFORE 


REPEAT FOR EACH 
BIT- PROGRAMMABLE 
PORT 


USING TABLE IZ 


REPEAT FOR EACH 
BIT- PROGRAMMABLE 
PORT 


TABLE IL 


92CM- 34508 


PERFORM FOLLOWING 


PROGRAMMING PORT A TO 
BIDIRECTIONAL MODE 


SET BIT DIRECTION 


WILL 

INTERRUPTS BE USED 

FOR BIT- PROGRAMMED 
PORT ? 


SET BIT LOGICAL 
CONDITIONS AND 
MASKING USING 


GENERATE CLEAR PULSE 


AT PIN !3 


SET PORTS A AND B 

TO INPUT, OUTPUT, OR 
BIT- PROGRAMMABLE MODE 
USING TABLE I 


Is 
EITHER PORT 
SET TO THE 
BIT- PROGRAMABLE 
MODE 3 


NOW SET PORT ATO 
BIDIRECTIOAL MODE, 
IF DESIRED 


SET MASTER INTERUPT 
ENABLE / DISABLE 
USING TABLE IY 


MAIN PROGRAM 
NOTES 


|. STROBE /READY I/O CONTROL BYTE (TABLE IZ) 
IS ALSO USED TO OUTPUT DATA TO STROBE AND 
READY LINES WHEN BIT-PROGRAMMED. 


2: STATUS REGISTER (TABLE IL) IS USED TO 
INPUT DATA FROM STROBE AND READY LINES 
WHEN BIT-PROGRAMMED. 


3. INTERRUPT STATUS IS ALSO READ FROM 
STATUS REGISTER. 


a ee CMOS Microprocessors, Memories and Peripherals 


CDP1851, CDP1851C 
TABLE! [RA1=0, RAO=1] 


a oe 
[input TT 
eel ee 


aaa ae ae a eee 
: 


Bit-Programmable 


Bidirectional 


* Modes should be set in order as shown in Table | 
If either port is set for bit-programmable mode, the two following control bytes should immediately follow: 


TABLE Il [RA1=0, RAO=1] 


AOutput = 1 Alnput = 0 

(DO) =0 

(D1) O=PortA, 1 = PortB 

(D2) O-=No change to RDY line function, 1 = Change per bit (D6) 
(D3) 0 = No change to STROBE line function, 1 = Change per bit (D7) 


(D4) RDY line output data (D6 must equal 1 when outputting data) 
(D5) STROBE line output data (D7 must equal 1 when outputting data) 
(D6) RDY line used as: 

Output = 1 : 

Input = 0 
(07) STROBE line used as: 

Output = 1 

Input = 0 


If interrupts will be used for either bit-programmed port, the following control bytes should be loaded: 


TABLE lil [RA1=0, RAO=1] 


INTERRUPT CONTROL | 7 | 6 | 5 | 
Logical Conditions and Mask a ee ee 
(D3) O=PortA, 1 =PortB 
(D4) O=Nochange in mask, 1 = Mask follows (See TABLE IIIa) 
(D5) (D6) 0,0 =NAND; 1, 0 = OR; 0, 1 = NOR; 1, 1 = AND 


TABLE Illa [RA1=0, RAO=1] 


| inrennuerconrrot | 7 | 6 [| s | « { 3 | 2 | + | o | 
B2 


7 
Mask Register B7 B6 B5 B4 B3 B1 BO 
(lt D4 = 1) Mask Mask Mask Mask Mask Mask Mask Mask 


lt Bn Mask = 1 then mask Bit (for n = 0 to 7) 
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TABLE IV [RA1=0, RAO=1] 
Interrupt 
Enable/Disable 
TNT Enable = 1, INT Enabled A/B = 0, Port A 
= 0, INT Disabled = 1, PortB 
TABLE V [RA1=0, RAO=1] 


Status Register 


(DO) (D4) ARDY input data 
———— All Modes 

(D1) A INT status (1 means set) (D5) A STROBE input data 

(D2) 1=AINT was caused by A STROBE Bidirectional Mode (D6) BRDY input data 

(D3) 1 


= A INT was caused by B STROBE Only (D7) B STROBE input data 


Bit-Programmable 
Mode 


a id 


TABLE VI — CPU CONTROLS 


P 
Oo 


Ot Peek ea tee ene ome ny are ne ta 


No-op bus 3-stated 
No-op bus 3-stated 
No-op bus 3-stated 
No-op bus 3-stated 
No-op bus 3-stated 
Read * status register 
Load control register 
Read “ port A 

Load port A 

Read * port B 

Load port B 


Se a a a a > > a> aa.) 


- AF HF Ht OCU OK OK OKO XK 


X 
0 
1 
1 
0 
1 
) 
1 
0 
1 


* Read = RD/WE = 1 and WR/RE = 0 is latched on trailing edge of CLOCK. 
TABLE VII — MEMORY I/O USE 


RD/WE Input WR/RE Input TPB Input 
"MRD TPB TPB 


FUNCTION PIN DEFINITION 


PIO Terminals 


1/O Space 
Memory Space 


CPU Terminals 


CLOCK (Input): BUS 0 — BUS 7: 

Positive input pulse that latches READ and CS on its trailing Bidirectional CPU data bus. 

ecve: CLEAR (Input) 

CS — CHIP SELECT (Input) A low-level voltage at this input resets both ports to the 
A high-level voltage at this input selects the CDP1851 PIO. input mode, and also resets the status register. A RDY, B 


-RDY, and interrupt enable (disabling interrupts). 


RAO — REGISTER ADDRESS 0 (Input): 
eee A INT — A INTERRUPT (Output): 


This input and RA1 are used to select either the ports or the 


’ A low-level voltage at this output indicates the presence of 
ee ae one of the interrupt conditions listed in Table Ill. This 
RA1 — REGISTER ADDRESS 1 (Input): output is an open-drain NMOS device (to allow wired 
See RAO ORing) and must be tied to a pullup resistor, normally 10 


kQ. 
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FUNCTION PIN DEFINITION (Cont'd) 


B INT — B INTERRUPT (Output): 


A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table III. This 
outputis also an open-drain NMOS device and must be tied 
to a pullup resistor. 


B RDY — B READY (Output): 


This output is a handshaking or data bit |/O line in the 
bit-programmable mode. 


B STROBE (Input): 


An input handshaking line for port Bin the input and output 
modes, and for port A when it is in the bidirectional mode. It 
can be used as a data bit I/O line in the bit-prograrmmable 
mode except when port A is not programmed as 
bidirectional. 


BO—B/7: 
Data input or output lines for port B. 


Vss: 
Ground 


A0—A7: 
Data input or output lines for port A. 
A STROBE (Input): 


An input handshaking line for port A in the input, output, 
and bidirectional modes. It can also be used as a data bit I/O 
line when port A is in the bit-programmable mode. 


A RDY — A READY (Output): 
A output handshaking line or data bit I/O line. 
TPB (Input): 


A positive input pulse used as a data load, set, or reset 
strobe. 


WR/RE — WRITE/READ ENABLE (Input): 


A positive input used to write data from the CDP1851 to the 
CPU bus. 


RD/WE — READ/WRITE ENABLE (Input): 


A positive input used to read data from the CPU bus to the 
CDP1851 bus. 


VoD: 
Positive supply voltage. 


RAO eee) RDY 


NI i bo SER DY 
a ore - CLOCK B STROBE 
MRD - RD/WE = 
TPB WR/RE Stans eens 
Ltpe M 
5 
cDP1s02 © CORTES [rot 80-87 
a 
1S er INT 
Tike | ar. 
BUS 0-7 ) | BUSO-7__| 
| 


PORT AO-A7 


PORT BO-B7 
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Fig. 3 - 1/0 space I/O. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, 
tr, t¢ = 20 ns, Vip = 0.7 Vop, ViL = 0.3 Vpp; CL = 100 pF 


LIMITS 


CHARACTERISTIC 


Input Mode see Figs. 4 and 5 


Minimum Setup Times: 
Chip Select to CLOCK 


120 120 
Jeers 18 Be FE i BE 
WR/RE to CLOCK tWRCL MME thE = 
5 75 120 75 120 
iiaicaiiiiee: toon te | oe wet 
Minimum Hold Times: 120 120 
Chip Select After CLOCK tHCSCL jo |= eo] Del ee oe 
aint tie eh fae oe lh 
5 50 75 50 75 
[oa inatersteose sro | 0 | | | @ | —| ~ | — 
5 50 325 500 50 325 500 
[ons sn out ate sates tanoou | 1» | os | ves | ow | | = | 
Propagation Delay Times: 300 
TPB to INT tPINT jo | =| we] we] | | 
srRoee to HT rwr | 10 | = | ico | wo | —| | 
375 250 | 375 
eit... Suet eteteleiel oie 
[ stosewnoy _tsrnov | 


Minimum Pulse Widths: 75 120 75 120 
5 75 120 15 120 
STROBE tWST 10 es _ 
Access Time, Address to Data 2 & 


Bus Out 


*Typical values are for Ta = 25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 


a 
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50 Yo 50 % 
INPUT 


SIGNAL : | 
| 
| 
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Fig. 4 - Interrupt signal propagation delay time test circuit and waveforms. 


{ | 
“1 tstrpy r=— tTPRDY 
| 
| 
, 
| 
i 


i 
Te tSTINE | Mt PINT 


twsT 
STROBE 


| 
toist t= tustor 
| 


| 
-DATA-IN . x 


SS ae 


oor SWC 


CLOCK=(TPA) | en eens 


t 
ee rei ~<— 
foscL 4 [Jp Hes Cl, | 


} 
cs 
a 


| 
| 
= twReL 
| j 
WR/RE=(MRD) | | | 


| 
MEMORY SPACE ; 
| i 
m—tRwoL -——— 
1 


RD/ WE =(MRD) | 


. | 
I/O SPACE 


WR/RE=(TPB) | | ; 


l 
"ot HATPB 


VALID PORT ADDR\, 
RAI/RAO iO ORI 
{ 


| 


RD/WE=(MWR) 


| | | 
TA DA m= tH ADOH 


( 
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Fig. 5 - Input mode timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, 
tr, ts = 20 ns, Vip = 0.7 Vpp, ViL = 0-3 Vpp,; CL = 100 pF 


Povey rae 
CHARACTERISTIC CDP1ss1 pon teene UNITS 
Bib a ed 


Output Mode see Figs. 4 and 6 


Minimum Setup Times: 5 50 
Chip Select to CLOCK 10 
RD/WE to CLOCK tRWCL 10 


120 120 
WR/RE to CLOCK tWRCL 10 
Address to WRITE * tAW EEREEEE 


120 
Data Bus to WRITE * 10 40 — 
Minimum Hold Times: 5 75 


Chip Select After CLOCK 


75 
75 
Data Bus After WRITE * tHDW 10 — = ns 


Propagation Delay Times: 
WRITE * to Data Out twDo 10 


75 120 


WRITE * to INT 


| 5 
5 
WRITE * to RDY 
| 5 
10 
5 
10 
5 
5 
5 


STROBE to INT 


STROBE to RDY 
Minimum Pulse Widths: 
CLOCK tWCL 


<i 
Oo 


= 
oO oO 
OOo 
mo - 
ome) 
ome) 
Ne) 
| @ 
ro) 
pay 
| o 
=) 


WRITE * tww 


* WRITE is the overlap of RD/WE = 0 and WR/RE = 1. 
*Typical values are for Ta = 25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 
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Wesel 


1 1 
‘WINT - ee 'stINT —- + 
ee et gee 
| 1 | 
'STRDY to 
i 
| 


—— Tt 
STROBE } \ WRPY | 


bng—— ol. t i 
WTPB 
; ’ —=~it bo 
* 'WST 


ero We! 


| 
CLOCK = (TPA) | | | 


l 
tHcscL-—=| + — 
| 


cent: Tesee | 


DATA- OUT X VALID DATA OUT 


I 


——=+—twoo 


WR/RE = (MRD) | 


| 
le t 
WRCL-™ aa 

| 

| | 
| 
| 


MEMORY SPACE | 


RO/WE = (MWR) | 


tw * 


WR/RE = (TPB) | 


I/O SPACE : 
= tpwoL | 


RD/WE = (MRD) | | 


| 
Sg ae 
af 


KX ROR AOR WS 
VALID PORT ADDR 
RAI /RAO i0 ORI 


H 
r low a zi ~THow 
DATA BUS ee VALID DATA 


* WRITE IS THE OVERLAP OF WR/RE=! AND RD/WE =O 
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Fig. 6 - Output mode timing waveforms. 


CMOS Peripherals 


Features: 


| 
2 
3 
4 
5 
6 
7 
8 
9 
10 


microprocessors 
a Single voltage supply 


TOP VIEW 
92CS -27572 


# Full military temperature 
range (—55°C to +125°C) 


CDP1852, CDP1852C 
TERMINAL ASSIGNMENT 


The RCA-CDP1852 and CDP1852C are parallel, 8-bit, 
mode-programmable input/output ports. They are compat- 
ible and will interface directly with CDP1800 series micro- 
processors. They are also useful as 8-bit address latches 
when used with the CDP1800 multiplexed address bus and 
as I/O ports in general-purpose applications. 


The mode control is used to program the device as an input 
port (mode=0) or as an output port (mode=1). The SR/SR 

output can be used as a Signal to indicate when data is ready 
to be transferred. In the input mode, a peripheral device can 
strobe data into the CDP1852, and a microprocessor can 
read that data by device selection. In the output mode, a 
microprocessor strobes data into the CDP1852, and handa- 
shaking is established with a peripheral device when the 
CDP1852 is deselected. 


In the input mode, data at the data-in terminals (D10-D17) is 
strobed into the port’s 8-bit register by a high (1) level on the 


ADOR BUS ADDR BUS 


TPA tes 


ROW RAM 


CPU 
CDPI802 


303 
CDP1852, CDP1852C 


Byte-Wide Input/Output Port 


# Static silicon-gate CMOS circuitry - 

a Parallel 8-bit data register and buffer 

ws Handshaking via service request flip-flop 
» Low quiescent and operating power 

ws Interfaces directly with CDP1800-series 


clock line. The negative high-to-low transition of the clock 
latches the data in the register and sets the service request 
output low (SR/SR=0). When CS1/CS71 and CS2 are high 
(CS1/CS1 and CS2=1), the 3-state output drivers are 
enabled and data in the 8-bit register appear at the data-out 
terminals (DO00-D07). When either CS1/CS1 or CS2 goes 
low (CS1/CS1 or CS2=0), the data-out terminals are tri- 
stated and the service request output returns high 
(SR/SR=1). 


In the output mode, the output drivers are enabled at all 
times. Data at the data-in terminals (D10-D17) is strobed 
into the 8-bit register wnen CS1/CS1 is low (CS1/CS1=0) 
and CS2 and the clock are high (1), and are present at the 
data-out terminals (DO0-D07). The negative high-to-low 
transition of the clock latches the data in the register. The 
SR/SR output goes high (SR/SR=1) when the device is 
deselected (CS1/CS1=1 or CS2=0) and returns low 
(SR/SR=0) on the following trailing edge of the clock. 


DMA-IN_ OMA-OUT 


BIDIRECTIONAL DATA BUS 


Fig. 1 - Typical CDP1802 microprocessor system. 


File Number 1166 
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A CLEAR control is provided for resetting 
the port’s register (D00-D07 = 0) and ser- 
vice request flip-flop (input mode: SR/ 
SR=1 and output mode: SR/SR=0). 


The CDP1852 is functionally identical to 
the CDP1852C. The CDP1852 has arecom- 
mended operating voltage range of 4to 10.5 


mended operating voltage range of 4 to 6.5 
volts. 

The CDP1852 and CDP1852C are supplied 
in 24-lead, hermetic, dual-in-line ceramic 
packages (D suffix), in 24-lead dual-in-line 
plastic packages (E suffix). The CDP1852C 
is also available in chip form (H suffix). 


volts, and the CDP1852C has a recom- 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal 


COPIGSS eke hd pece cy asd Roo a ea Roi se Os eee wan wee Viele sd Sew ANS aM Nea ee ewe -0.5to+11V 
COPTSS26u4. den weereudae Warts weil 4nd ae Site neue eee Ret baa Seek eee -0.5 to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS ......... ccc ec ccc ee cece cee e eee savcece -0.5 to Von + 0.5 V 
OC:INPUT CURRENT ANY ONE INPUT 91656 esuso 4664 ke 24 Sees eda BEveroR ees See +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to + 60°C (PACKAGE TYPE E) .......... ccc cece ccc cence ce eeeeeevees eee 500 mW 
For Ta = +60 to + 85°C (PACKAGE TYPE E)............ Derate Linearly at 12 mW/°C to 200 mW 
For Ta = =65-to + 100° C:( PACKAGE. TYPE: BD) a3 3s. heks see etae eee ood bebe ees aides 500 mW 
For Ta = +100 to + 125°C (PACKAGE TYPE D) ......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AIl Package Types) ............6:. 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TY PESO Fl jes cxssutays cae tian cas pa tue Red eee eee sae Cae -55 to + 125°C 
PACKAGE T VPE Es coon cits cea pete lawaac sen eereetaes see caaees Ge idee ten -40 to + 85°C 
STORAGE TEMPERATURE RANGE (Taig) .....scccccccccvcncevscresvenscsceeseeace -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 S MAX....... cc cee eee eae + 265°C 


RECOMMENDED OPERATING CONDITIONS at T, = Full Package Temperature Range. 
For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 


LIMITS 


CDP1852C UNITS 


CHARACTERISTIC CDP1852 


DC Operating Voltage Range 
Input Voltage Range 


REGISTER 


* POLARITY DEPENDS ON MODE 
MODE 0| MODE | 


92CS- 27574R} 


Fig. 2 - Block diagram of CDP1852. 
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cme ca Bg ame WP cee) 


SERVICE 
REQUEST 
LATCH 


CLOCK 
() 


DIO 


S2CL=31293RI 
Fig. 3 - CDP1852 logic diagram. 


STATIC CONDITIONS CHARACTERISTICS at Ta = —40 to +85°C 


| CONDITIONS | LIMITS 
CHARACTERISTIC UNITS 
eo [0 | [a Ti PT 
Quiescent Device | — | — | 00/ —] — | uA 
Current, loo PS ashe t= t= tino = pe aa al 
Output Low Drive ee 
melee se 7 
Output High Drive 
Source) Care Pe 
| 9.5 [0,10] 10 | fees 


Output Voltage 


Low ievel Va = OO = | oon = a 
Output Voltage | — [05|5 |] 49 | 5 |—-|49| 5 | —_ 
High Level, Vow _[~— Joto[1o | a9 | w7-;—-]|—]—| , 
input Low Voltage, [0548] -| 5 | — | —|15]|—-]|— 115] 
Vi GOs i os ee ee ee 
input High Voltage, |05,45| — | 8 | 35 | —|—-1|35|— 1 —_ 
Vin Keesha ie et = aha | 
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STATIC ELECTRICAL CHARACTERISTICS at T, = —40 to + 85°C (Cont’d) 
LIMITS 
Voo UNITS 

(V) | (Vv) | (Y) tain | Ty Man Mint Tyee Mas 


CMOS Microprocessors, Memories and Peripherals 


CHARACTERISTIC 


Input Current, 
lin 

3-State Output 

Leakage Current, 


lout 


Operating Pe fasts = aren = Parr 
Current, loon iol io | — | 850800] — | — } —— 


Input 
Capacitance, Cin mae 
Output 
ire ee 
“Typical values are for Ta, = 25°C and nominal Vpp. 
Tloc = lon = 1 WA. 


tOperating current is measured at 2 MHz in an CDP1802 system with open outputs and a 
program of 6N55, 6NAA, 6N55, 6NAA, ------ : 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to + 85°C, Von = £5%, 
tr, te = 20 ns, Vin = 0.7 Voo, Vii = 0.3 Von, C_. = 100 pF, and 1 TTL Load 


CHARACTERISTIC LIMITS UNITS 


| Min. | Typ." | Max. | 
MODE 0 — Input Port (Fig. 4) 


Minimum Select Pulse Width, tsw 


5 
90 
Minimum Write Pulse Width, tww 5 90 180 
10 — 40 80 
Minimum Data Setup Time, tps Pires 
10 =5 
nomen ete fo Lod Le] 
Data Out Hold Time, toont 185 rae] 
Propagation Delay Times, tein, tex: pio | is | ee | aio 
Select to Data Outt, tspo 10 15 100 
Clear to SR, Trsr 170 
et ate 
ae 


it 


a 
i ms 


tMinimum value is measured from CS2, maximum value is measured from CS1/CS1 
“Typical values are for Ta = 25°C and nominal Vpp. 


INPUT PORT MODE 0 — TYPICAL OPERATION 


Clock to SR, tcsr 


Select to SR, tssr 


General Operation strobe’s trailing edge via the SR output line. 


When the mode control is tied to VSS, the The CDP1802 then issues an input instruc- 
CDP1852 becomes an input port. In this tion that enables the CDP1852 to place the 
mode, the peripheral device places data information from the peripheral device on 
into the CDP1852 with a strobe pulse and the data bus to be entered into a memory 
the CDP1852 signals the microprocessor location and the accumulator of the 


that data is ready to be transferred on the microprocessor. 
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csi-cs2 = 


CLOCK ww 


DATA BUS 


CLEAR tcLR 


% CSI-CS2 IS THE OVERLAP OF CSi#i AND CS2s| 


MODE 0 TRUTH TABLE 


tCS$1-CS2 | CLEAR | Data Out Equais 
rx [0 | X | High Impedance | 
BE Ea ee 


+CS1-CS2 CS1 1,CS2 1 


baie a as , 
tos DOH 


SERVICE REQUEST TRUTH TABLE 


CLOCK CS1 or CS2 
{ or CLEAR ci 


SR/SR 0 SR/SR 1 


92CM-31292R2 


Fig. 4 - MODE 0 input port timing waveforms and truth.tables. 


MEMORY CDPI802 


DATA BUS 

STROBE 
PERIPHERAL 
DATA 


SR/SR Raa 


—C—————————— SS 


MRD 2 


VALID ~ TRISTATE 


CoPI8S52 


STROBE 


DATA FROM 
PERIPHERAL 


PERIPHERAL DEVICE 

PLACES DATA IN CDPI852 

AND CDOPI852 SIGNALS 
CDPI802 THAT DATA IS READY 


CDPI802 SELECTS 
CDPI852 AND DATA 

IS TRANSFERRED 

TO MEMORY AND 

THE MICROPROCCESSOR 


92CM- 33205 


Fig. 5 - Input port mode 0 functional diagram and waveforms - typical operation. 


Detailed Operation (See Fig. 5) 


The STROBE from the peripheral device 
places DATA into the 8-bit register of the 
CDP1852 when it goes high and latches the 
DATA on its trailing edge. The SR output is 
set low on the strobe’s trailing edge. This 
output is connected to a flag line of the 
CDP1802 microprocessor and software 
polling will determine that the flag line has 
gone low and peripheral data is ready to be 
transferred. The CDP1802 then issues an 
input instruction that places an N, line high. 
With the MRD line also high, the CDP1852 
is selected and its output drivers place the 


DATA from the peripheral device on the 
DATA BUS. When the CDP1802 selected 
the CDP1852, it also selected and ad- 
dressed the memory via one of the 16 inter- 
nal address registers selected by an inter- 
nal “X” register. The data from the CDP1852 
is therefore entered into the memory [Bus 
— M(R(X))]. The data is also transferred to 
the D register (accumulator) in the micro- 
processor (Bus — D). When the CDP1802’s 
execute cycle is completed, the CDP1852 is 
deselected by the Nx line returning low and 
its data output pins are tri-stated. The SR 
output returns high. 
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DYNAMIC ELECTRICAL CHARACTERISTICS a 


t —40 to + 85°C, Vop = +5%, 
tr, tt = 20 ns, Vin = 0.7 Voo, Vi = 0.3 Vpop, C. = 10 


A — 
pF, and 1 TTL Load 


CHARACTERISTIC 


Minimum Select-after-Clock 
Hold Time, tsu 
Propagation Delay Times, tein, texc: 
Clear to Data Out, troo 
Write to Data Out, twoo 
Data In to Data Out, topo 
Clear to SR, trsr 


Clock to SR, tesr 


Select to SR, tssr 


*Typical values are for Ta = 25°C and nominal Vpp. 


cv) [min | Type 


5. 240 
po | =| 
5 120 240 
po | = | | iw 


OUTPUT PORT MODE 1 — TYPICAL OPERATION 


General Operation 


Connecting the mode control to Vpp config- 
ures the CDP1852 as an output port. The 
Output drivers are always on in this mode, 
So any data in the 8-bit register will be pres- 
ent at the data-out lines when the CDP1852 
is selected. The N tine and MRD connec- 
tions between the CDP1852 and CDP1802 
remain the same as in the input mode con- 
figuration, but now the clock input of the 
CDP1852 is tied to the TPB output of the 


CDP1802 and the SR output of the 
CDP1852 will be used to signal the periph- 
eral device that valid data is present on its 
input lines. The microprocessor issues an 
output instruction, and data from the mem- 
ory is strobed into the CDP1852 with the 
TPB pulse. When the CDP1852 is de- 
selected, the SR output goes high to signal 
the peripheral device. 
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A 
tww 
% 
csi-cs2 
tsy 
t "DH 
CLOCK DS A 
vara eX XD F>X 
mea ee 
BATA‘OOT Pet ADO he A ee | 
‘woo t 
SSR 
\ CSR 
CLEAR 


tcLR 


% CSI-CS2 IS THE OVERLAP OF CSi=0 ANDCS2=| 
A WRITE 1S THE OVERLAP OF CSI:CS2 AND CLOCK 


MODE 1 TRUTH TABLE 


[crock | +@5i-cs2 | CLEAR 
tte a oe 


fo | x | 4  {[Datatatch | 
ae ae 


+CS1-CS2 CSi 0.CS2 1 
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Fig. 6 - MODE 17 output port timing waveforms and truth tables. 


MEMORY CDPI802 


CDPI852 
cs2 
MRD 


DATA OUT TO 
TPB 


PERIPHERAL DEVICE 


SIGNAL THAT 
INDICATES DATA 
IS READY 


DATA BUS 


Ny 
TPB A t 
CDP1852 IS SELECTED 
AND DATA IS 
STROBED INTO 
MRD IT'S REGISTER 
WITH TPB 
DATA : VALID 
BUS DATA 
DATA TO DATA 1S OUTPUTTED 
PERIPHERAL FROM THE CDPI852 
DEVICE AND THE PERIPHERAL 
— DEVICE IS SIGNALED. 
SR/SR 92CM-33204 


Fig. 7 - Output port mode 1 functional diagram and waveforms - typical operation. 


Detailed Operation (See Fig. 7) 


The CDP1802 issues an output instruction. 
The Nx line goes high and the MRD line 
goes low. The memory is accessed M(R(X)) 
— BUS and places data on the DATA BUS. 
This data are strobed into the 8-bit register 
of the CDP1852 when TPB goes high and 
| latched on the TPB’s trailing edge. The 


valid data thus appears on the CDP1852 
output lines. When the CDP1802 output in- 
struction cycle is complete, the N, line goes 
low and the SR output goes high. SR will 
remain high until the trailing edge of the 
next TPB pulse, when it will return low. 
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N2a—— —e 
SR Rec: Cee eee 
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Fig. 8 - Execution of a “65” output instruction showing momentary selection of input port “D”. 


Application Information for inputs and outputs, this situation does 
In aCDP1800 series microprocessor-based not alse Using the CDP 1853 N-bit decoder 
system where MRD ‘is used to distinguish or equivalent logic to decode the N lines 
between INP and OUT instructions. an INP after TPA prevents dual selection in larger 
instruction is assumed to occur at the_be- systems (see Fig. 9 and Fig. 10). 


ginning of every I/O cycle because MRD 
starts high. Therefore, at the start of an 
OUT instruction, which uses the same 3-bit 
N code as that used for selection of an input 
port, the input device is selected for a short 
time (see Fig. 8). This condition forces SR 
low and sets the internal SR latch (see Fig. 
3). In a small system with unique N codes 


t 
OUTPUT es | ea | 


* OUTPUT ENABLED WHEN EN= HIGH CLOCK 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG. 1) (TPB) 


92cs-29024 


92CS- 29022 


Fig. 9 - CDP1853 timing waveforms. Fig. 10 - CDP1853 functional diagram. 
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TERMINAL ASSIGNMENT 
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N-Bit 1 of 8 Decoder 


cLock A—{7 Features: 
pee be = Provides direct control of up to 
cure ‘ 7 input and 7 output devices 
OUT 2 6 = CHIP ENABLE (CE) allows easy 
ovate expansion for multi-level I/O systems 
TOP VIEW 


92CS- 26726 


The RCA-CDP1853 and CDP1853C are 1 of 8 decoders 
designed for use in general purpose microprocessor 
systems. These devices, which are functionally identical, 
are specifically designed for use as gated N-bit decoders 
and interface directly with the 1800-series microprocessors 
without additional components. The CDP1853 has a 
recommended operating voltage range of 4 to 10.5 volts, 
and the CDP1853C has a recommended operating voltage 
range of 4 to 6.5 volts. 


When CHIP ENABLE (CE) is high, the selected output will 
be true (high) from the trailing edge of CLOCK A (high-to- 
low transition) to the trailing edge of CLOCK B (high-to-low 
transition). All outputs will be low when the device is not 


92CS-29022 


Fig. 1 - CDP1853 functional diagram. 


selected (CE=0) and during conditions of CLOCK A and 
CLOCK B as shown in Fig. 2. The CDP1853 inputs NO, N1, 
N2, CLOCK A, and CLOCK B are connected to an 1800 
series microprocessor outputs NO, N1, N2, TPA, and TPB 
respectively, when used to decode I/O commands as shown 
in Fig. 5. The CHIP ENABLE (CE) input provides the 
capability for multiple levels of decoding as shown in Fig. 6. 


The CDP1853 can also be used as a general 1 of 8 decoder 
forl/O and memory system applications as shown in Fig. 4. 


The CDP1853 and CDP1858C are supplied in hermetic 16- 
lead dual-in-line ceramic (D suffix) and plastic (E suffix) 
packages. 


TRUTH TABLE 


reeToua Tous [ew 


1 = High level 
* Qn-1 = Enable remains in previous state. 


0 = Low level X= Don’t care 


File Number 1189 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vip) 
(All voltage values referenced to Veg terminal 
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COP TSSS |. 2 eee Reece t APRESS PEPE Wa eine WEARS P eR He 8 Ow Hine aie este oe —0.5to+11V 
COP IGSSC. “saber cere es rakes aes Eres Se EEE TR Re ee Ree IR ew eS —0.5to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS ....... 0... ccc ec e eee tee eenee —0.5 to Vpp + 0.5 V 
DC INPUT CURRENT,.ANY ONE INPUT cas new ieee Seek GS Sid ta wee wa oe eae Ress £+10mA 
OPERATING-TEMPERATURE RANGE (Ta): pi 
CERAMIC PACKAGES (D SUFFIX TYPES) ........ 0.2.0 cee eee eee ee eee eee —55 to + 125 ¢ 
PLASTIC PACKAGES (E SUFFIX TYPES) 2.000 ee cee cece eee tetera eee: —40 to+ 85 C 


STORAGE TEMPERATURE RANGE (T.,.) 0... cece ce eee cence cena ee enee eens —65 to + 150°C 


) 
LEAD TEMPERATURE (DURING SOLDERING): r 
At distance 1/16 £1/32 inch (1.59+0.79 mm) from case for 10s max. .......... 0000 cee eee +265 C 


STATIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C. Except as noted 


CONDITIONS LIMITS 
CDP1853 CDP1853C UNITS 


CHARACTERISTIC 


Quiescent Device 


current ty [= P= f= | Of wool = P= 


Output Low Drive 
(Sink) Current, 


LOL 
Output High Drive 
(Source Current) 


lOH 
Output Voltage 
Low-Level 4 


VoL 

Output Voltage 
High Level 

VOH 


ee a et ie Rod 

input Low Voltage [osas- | s| —| -| 15] - | - [151 
ME eae Le en oy 

input High Voltage [0545|— | 5] 35] -| -|[35|—- | — 


ViH Vm (ea PS ee ae oe ee 
input Leakage Any [OS | 5] -| -[ =1]-|- | =1] 
our [OrO[ TOL =[ [=r = [= [=] wa 
Operating Current | 06 [os | | | 60] 30 [700] 

ipo” [ero To, =| 160" 


[Aoaoe cc ee eee ee 
Input Capacitance 7.5 7.5 | pF 
Cin 
Output Capacitance 
Cc 10 pF 
OUT 


t Typical values are for Ta= 25°C and nominal voltage. 
* Operating current measured in a CDP1802 system at 2MHz with outputs floating. 


A loL = lou = 1A 


[os [aro wo fee [sap = = [= 
pee fos| steel ga] — [ose 2a] | ay 
as oro Topas Bap = P= |= 
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OPERATING CONDITIONS at Ta = Full Package~Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation is always within 
the following ranges: 


LIMITS 


CDP 1853 CDP1853C UNITS 


Spl Vein Roe Simei 
[Recomended input Vorow Renee [vas [Woo] vss] voo |v 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C, Vpp== 5%, 
ViH = 0.7 Vop- Vib = 0.3 Vpp: tr t rt = 20 ns, Cc, = 100 pF 


CHARACTERISTIC 


CHARACTERISTIC <a UNITS 
CDP1853C 


Propagation Delay Time: 
CE to Output, TEQH: tEOL 


N to Outputs, tnow tNOL 


Clock A to Output, tao 


= RR Ree Soe 
Clock B to Output, tao [5] 175 | 276 | 175 | 275 
| 50 | so | 75 
| 2 
| 50 
| 25 


Minimum Pulse Widths: 


es 
Clock A, toaca | 10 
Ee 


Clock B, top CB 
25 


[160] 
fl 
pee 


| 50 | 75 | 
Note 1: Maximum limits of minimum characteristics are the values above which all devices 


function. 
Note 2: Typical values are for Ta = 25°C and nominal voltages. 


CLOCK A "ao 


‘EO "Eo OUTPUT 
CE 


c) CLOCK A TO OUTPUT (0-7) DELAY TIME 
OUTPUT 


a) CE TO OUTPUT (0-7) DELAY TIME 'CBCB 
‘NO "NO CLOCK B Je) 
N 
OUTPUT OUTPUT 
b) N LINES TO OUTPUT (0-7) DELAY TIME d) CLOCK B TO OUTPUT (0-7) DELAY TIME 


92CM29023RI 
Fig. 2 — Propagation delay time diagrams. 


| OUT O 


BN ea A OUT | 
B OUT 2 
ce c OUT 3 


| CHIP ENABLE OUT 4 

ee! (aches Nn oy Vop CLOCK B OUT 5 

| CLOCK A OUT6 

OUTPUT | | l OUT 7 


* OUTPUT ENABLED WHEN EN= HIGH 92CS$-29027 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG. !) 


a eee Fig. 4 — N-bit decoder used as a 1 of 8 
Fig. 3 — Timing diagram. decoder. 
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CDP 1800 SERIES 


TPB NO NI.N2 TPB MRD 


CLOCK A CLOCKB CE NO NI N2 
COPI853 
Oo 1! 2-6 7 


LOAD VIA 
67 INSTRUCTION PORT 7 


DATA 
AVAILABLE 
MODE STROBE 
CLOCK 
ee 
READ VIA 
x CSI CS2 | 69 INSTRUCTION 
CDPI852 


LOAD VIA 


p 
61 INSRUCTION PORT i 
AVAILABLE 
MODE STROBE 
= CLOCK 
SY” 
7 OUTPUT PORTS 7 INPUT PORTS secu eenueo 


Fig. 5 — N-bit decoder in a one-level 1/0 system. 


NOTE: SYSTEM SHOWN WILL SELECT 
UP TO 56 INPUT AND 48 OUTPUT 
PORTS. WITH ADDITIONAL DECODING 
THE TOTAL NUMBER OF INPUT 
AND OUTPUT PORTS CAN BE 
FURTHER EXPANDED. 


CDP I8OOSERIES 
TPA TPB MRD BUS 


NO, NI,N2 


TPA 
COP1853 
DECODED 


Nat INTERCONNECTED 
61° INSTRUCTION 


AS IN FIGURE 4 


NO, NI, N2 


7 INPUT, 
6 OUTPUT 


92CM-29026RI EORTS 


Fig. 6 — Two-level 1/0 using CDP1853 and CDP1852. 
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CDP1854AD 
CDP1854ACD 


Programmable 
Universal Asynchronous 
Receiver/Transmitter (UART) 


Features: 
= Two operating modes: 


Mode 0-functionally compatible with 
industry types such as the TR1602A 
Mode 1-interfaces directly with 
CDP1800-series microprocessors 
without additional components 
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= Baud rate-DC to 200 K bits/sec 
@ Vpp=5 V 
DC to 400 K bits/sec 
@ Vpp=10 V 
a Fully programmable with externally se- 
lectable word length (5-8 bits), parity 


CDP1854AE 


w Full- or half-duplex operation 


inhibit, even/odd parity, and 1, 1%, or 


CDP1854ACE H-1892 ® Parity, framing, and overrun error 2 stop bits 


detection 


The RCA CDP1854A and CDP1854AC are silicon-gate 
CMOS Universal Asynchronous Receiver/Transmitter 
(UART) circuits. They are designed to provide the necessary 
formatting and control for interfacing between serial and 
parallel data. For example, these UARTs can be used to 
interface between a peripheral or terminal with serial I/O 
ports and the 8-bit CDP1800-series microprocessor parallel 
data bus system. The CDP1854<A is capable of full duplex 
operation, i.e., simultaneous conversion of serial input data 
to parallel output data and parallel input data to serial 
Output data. 


The CDP1854A UART can be programmed to operate in 
one of two modes by using the mode control input. When 
the mode input is high (MODE=1), the CDP1854A is 


Vob 

MODE (Vpn) 
Vss 
Ccs2 

R BUS 

R BUS 
R BUS 

R BUS 

R BUS 

R BUS 

R BUS 
R BUS 
INT 

FE 
PE/OE 

RSEL 

R CLOCK 
TPB 

DA 

sol 


O-NUSUON 


TOP VIEW 


NC=NO CONNECTION 
92CS- 28455Ri 


Mode 1 
Terminal Assignment 


= False start bit detection 


directly compatible with the CDP1800-series micro- 
processor system without additional interface circuitry. 
When the mode input is low (MODE=0), the device is 
functionally compatible with industry standard UART’s 
such as the TR1602A. It is also pin compatible with these 
types, except that pin 2 is used for the mode control input 
instead of a VgGq=—12 V supply connection. 


The CDP1854A and the CDP1854AC are functionally 
identical. The CDP1854A has a recommended operating- 
voltage range of 4-10.5 volts, and the CDP1854AC has a 
recommended operating-voltage range of 4-6.5 volts. 


The CDP1854A and CDP1854AC are supplied in hermetic 
40-lead dual-in-line ceramic packages (D suffix) and in 
40-lead dual-in-line plastic packages (E suffix). The 
CDP1854AC is also available in chip form (H suffix). 


i Yoo 40|— T CLOCK 
MODE (Vgc) EPE 
vss WLS | 
RRD WLS 2 
R BUS 7 ses 
RBUS6 — PI 
R BUS 5 CRL 
R BUS 4 TBUS 7 
R BUS 3 T BUS 6 
R BUS 2 T BUS 5 
R BUS I TBUS 4 
R BUS 0 — T BUS 3 
PE TBUS 2 
FE TBUS | 
OE TBUSO 
SFD soo 
R CLOCK TSRE 
DAR THRL 
DA THRE 
SOI MR 
TOP VIEW 
* PIN 2 NO CONNECTION 
ON CDP6402 92CS - 28456RI 
Mode 0 


Terminal Assignment 


File Number 1193 


po 
' 
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MAXIMUM RATINGS, Absol/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vssg Terminal) 
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COPTGS4 A: oa tae ae x ha nee eee ee Oe Be RO ROSA WYE STS ES EES OTE ee eee ame eee Reis —0.5 to +11V 

COPT BOF AC ins Gnas we ip eee Oa Sw ES SES Clee Be at a ste aed ee TE ESSA Oe OR OE a a eee —0.5to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS: sacscien tadlaieed 06 66a eee RIGA ASES EONS OO ERS Ee eS —0.5 to Vpp +0.5 V 
DCANPUP CURRENT ANY ONEINPUT: 3.36 0e cs28 dundss geeband ew endians eee baw ese towtes vied sNeleasae saw es +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For TA=—4010:-+60°C (PACKAGE TYPE): jciciscs 00 2 heed CANONS ENE SEES REDO Ws FS CUTIE es Sao eee 500 mW 

For Ta=+60 to +85°C (PACKAGE TYPE E) ........ cece ccccceccees seiigrag aed Sighar anes Derate Linearly at 12 mW/°C to 200 mW 

FOr LaA=—55 to 100°C (PACKAGE TYPE O). 6 4 g:eqe sieretive Sts 04 a ew BAW o biw a es BO Pe We eA eee tea a 500 mW 

For Ta=+100 to +125°C (PACKAGE TYPED) ..... cc ccc ccc ccc cece eect er erensene Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package TypeS) ...... cc cece cere eee e cece seen eeeeeseeces 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE EY RE ios sis ho tiv wine 5 oh aha Vo Oe Wa ee ae A Ee ee SRR eae bane —55 to +125°C 

PACKAGE DY PE Bias sates wie ween wee ew ee CER AOR a Swan Oe Penile a wae ae wee Neale a awe ee Rea eae —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) SeCee Cree Tee eee Tree ee eee Te ee ee ee ee ee ee Sac ass ».. —~65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. ...rccvccccecvevrervevesesevers de whale anak +265°C 


Mode Input High (Mode = 1) 


cOPig02 | 
TRANSMITTER SECTION | INTERFACE RECEIVER, SECTION 
S | Eaog | 8 
oe e@) gee | Mog 12+ Vop 
cS EE! &e we |g 2 3+ Veg 
L 34] 18! 16 J 2|* CLEAR 
XN 36=NC 
404 24] 39 ) ( 381 37) «#17 
spo - 
TRANSMITTER + +—4 RECEIVER elas Sot 
TIMING & CONTROL }¢—+-4———+-»} TIMING & CONTROL 
Sk HOLDING 
PARITY REG. 
GEN. | 
TRANS. | 
SHIFT 
REG. | 
TRAN | 
HOLDI SELECT STATUS 3 T 
REG || “Logic Ral | REG. DRIVERS 
los ab 36 13 | 2214] is] ig 
- mw ™ = w ww id 
¥ |2 “” 4 | ae oO la 
| Oo Yo = r 7 
* | Fr ooa x 
TRANSMITTER BUS | RECEIVER BUS 
(26-33) (5-12) 
Pe Sop se Ste et end cee et celta ees Ee al eee ee ae ene ee 
Nee ae ihe ae emtomt vo eet ae pee ag ey er 


*USER INTERCONNECT ly 92CM-28459R3 


Fig. 1 - Mode 1 block diagram (CDP1800-series microprocessor compatible). 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, unless otherwise noted. 


CONDITIONS LIMITS 
ee CDP1854A CDP1854AC ___| UNITS 
Pa [ye] ma | win yp wax 
Guisstonlpeieec 4 0:5 5 0.01 50 200 A 
uiescent Device Current, 
i DD 0,10] 10 1 | 200 aa) es 
0.4 0,5 5 1 2 1 2 
mA 
4.6 0, 5 5 —0.55} —1.1 =1.1 
mA 
9.5 |0,10 10 —1.3 | —2.6 — 
0,5 -1.6 | -3.5 -1.6 | -3.5 a 
0, 10 -3.2 -7 —_— — 
0,10 10 0.1 — 
0,5 5 4.9 5 
0, 10 10 9.9 10 
0.5,4. 5 1.5 
Input Low Voltage, Vi. : 
| 0.5,9.5 10 3 
0.5,4.5 5 3.5 3.5 
Input High Voltage, V 
0,5 5 +1 me 
input Current, | A 
0,5 0,5 5 | +1 
3-State Output Leakage Current, | A 
0,5 1.5 125 
Operating Current, | Hl 


Output Capacitance, COUT 
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CHARACTERISTIC 


Output Low Drive (Sink) Current, lo. 


Output High Drive (Source) Current, loH 
(Except pins 24 and 25) 


Output High Drive (Source) Current, lou 
Pins 24 and 25 


Output Voltage Low-Level, Vo_* 


Output Voltage High-Level, VoH 


*Typical values are for Ta=25°C. *IOL=IlOH=1 HA. 
#Operating current is measured at 200 kHz for Vpp=5 V and 400 kHz for Vpp=10 V in a CDP1800-series microprocessor system, 
with open outputs. 


RECOMMENDED OPERATING CONDITIONS at T,a=Full Package Temperature Range 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


CONDITIONS 


CHARACTERISTIC CDP1854A 
V 


DC Operating-Voltage Range aaa 


Baud Rate (Receive or Transmit) 10 
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Functional Definitions for CDP1854A Terminals 

Mode 1 

CDP1800-Series Microprocessor Compatible 

SIGNAL: FUNCTION 

VppD: 

Positive supply voltage 

MODE SELECT (MODE): 

A high-level voltage at this input selects CDP1800-series 
microprocessor Mode operation. 

Vss: 

Ground 

CHIP SELECT 2 (CS2): 

A low-level voltage at this input together with CS1 and CS3 
selects the CDP1854A UART. 


RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs (may be externally connected 
to corresponding transmitter bus terminals). 


INTERRUPT (INT): 
A low-level voltage at this output indicates the presence of 
one or more of the interrupt conditions listed in Table |. 


FRAMING ERROR (FE): 

A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. 


PARITY ERROR or OVERRUN ERROR (PE/OE): 

A high-level voltage at this output indicates that either the 
PE or OE bitin the Status Register has been set (see Status 
Register Bit Assignment, Table II. 


REGISTER SELECT (RSEL): 

This input is used to choose either the Control/Status 
Registers (high input) or the transmitter/receiver data 
registzi's (lowinput) according to the truth table in Table Ill. 


RECEIVER CLOCK (RCLOCKk): 
Clock input with a frequency 16 times the desired receiver 
shift rate. 


TPB: 
A positive input pulse used as a data load or reset strobe. 


DATA AVAILABLE (DA): 

A low-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 


SERIAL DATA IN (SDI): 

Serial data received on this input line enters the Receiver 
Shift Register at a point determined by the character 
length. A high-level input voltage must be present when 
data is not being received. 


CLEAR (CLEAR): 
A low-level voltage at this input resets the Interrupt Flip- 


Flop, Receiver Holding Register, Control Register, and 
Status Register, and sets SERIAL DATA OUT (SDO) high. 


TRANSMITTER HOLDING REGISTER EMPTY (THRE): 

A low-level voltage at this output indicates that the Trans- 
mitter Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. 


CHIP SELECT 1 (CS1): ss 
A high-level voltage at this input together with CS2 and CS3 
selects the UART. 


REQUEST TO SEND (RTS): 

This output signal tells the peripheral to get ready to 
receive data. CLEAR TO SEND (CTS) is the response from 
the peripheral. RTS is set to alow-level voltage when data is 
latched in the Transmitter Holding Register or TR is set 
high, and is reset high when both the Transmitter Holding 
Register and Transmitter Shift Register are empty and TR is 
low. 


SERIAL DATA OUTPUT (SDO): 

The contents of the Transmitter Shift Register (start bit, 
data bits, parity bit, and stop bit(s) are serially shifted out on 
this output. When no character is being transmitted, a high 
level is maintained. Start of transmission is defined as the 
transition of the start bit from a high-level to a low-level 
output voltage. 


TRANSMITTER BUS (T BUS 0 - T BUS 7): 
Transmitter parallel data input. These may be externally 
connected to corresronding Receiver bus terminals. 


RD/WR: 

A low-level voltage at this input gates data from the 
transmitter bus to the Transmitter Holding Register or the 
Control Register as chosen by register select. A high-level 
voltage gates data from the Receiver Holding Register or 
the Status Register, as chosen by register select, to the 
receiver bus. 


CHIP SELECT 3 (CS3): 
With high-level voltage at this input together with CS1 and 
CS2 selects the UART. 


PERIPHERAL STATUS INTERRUPT (PSI): 


A high-to-low transition on this input line sets a bit in the 
Status Register and causes an INTERRUPT (INT=low). 


EXTERNAL STATUS (ES): 

A low-level voltage at this input sets a bit in the Status 
Register. 

CLEAR TO SEND (CTS): 

When this input from peripheral is high, transfer of a 


character to the Transmitter Shift Register and shifting of 
serial data out is inhibited. 


TRANSMITTER CLOCK (TCLOCK): 
Clock input with a frequency 16 times the desired transmitter 
shift rate. 
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Table I — Interrupt Set and Reset Conditions 


SET* (INT = LOW) 


RESET (INT = HIGH) 


CONDITION 


CAUSE 
DA | TPB leading edge 
(Ability to reload) write of character 


THRE - TSRE TPB leading edge 
PST TPB trailing edge 
(Negative edge 


“Interrupts will occur only after the IE bit in the Control Register (see Table IV) has been set. 
* THRE will cause an interrupt only after the TR bit in the Control Register (see Table IV) has been set. 


CTS 
(Positive edge when THRE: TSRE) 


Table II — Status Register Bit Assignment 


Bit | 7 [6 
[Also Available at Terminal | 22° | — | 


“Polarity reversed at output terminal. 


Bit Signal: Function 


O—DATA AVAILABLE (DA): 

When set high, this bit indicates that an entire character has 
been received and transferred to the Receiver Holding 
Register. This signal is also available at Term. 19 but with its 
polarity reversed. 


1—OVERRUN ERROR (OE): 

When set high, this bit indicates that the Data Available bit 
was not reset before the next character was transferred to 
the Receiver Holding Register. This signal OR’ed with PE is 
Output at Term. 15. 


2—PARITY ERROR (PE): 

When set high, this bit indicates that the received parity bit 
does not compare to that programmed by the EVEN 
PARITY ENABLE (EPE) control. This bit is updated each 
time a character is transferred to the Receiver Holding 
Register. This signal OR’ed with OE is output at Term. 15. 


3—FRAMING ERROR (FE): 

When set high, this bit indicates that the received character 
has no valid stop bit, i.e., the bit following the parity bit (if 
programmed) is nota high-level voitage. This bit is updated 
each time acharacter is transferred to the Receiver Holding 
Register. This signal is also available at Term. 14. 


PBs 
Signal THRE | TSRE | Psi | 
es 


4--EXTERNAL STATUS (ES): a 
This bit is set high by a low-level input at Term. 38 (ES). 


5—PERIPHERAL STATUS INTERRUPT (PSI): 

This bit is set high by a high-to-low voltage transition of 
Term. 37 (PSI). The INTERRUPT output (Term. 13) is also 
asserted (INT=low) when this bit is set. 


6—TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 
When set high, this bit indicates that the Transmitter Shift 
Register has completed serial transmission of a full 
character including stop bit(s). It remains set until the start 
of transmission of the next character. 


7—TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
When set high, this bit indicates that the Transmitter 


Holding Register has transferred its contents to the 


Transmitter Shift Register and may be reloaded with a new 
character. Setting this bit also sets the THRE output (Term. 
22) low and causes an INTERRUPT (INT=low), if TR is 
high. 
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Description of Mode 1 Operation CDP1800-Series Micro- 
processor Compatible (Mode Input=Vpp) 


1. Initialization and Controls 


In the CDP1800-series microprocessor compatible mode, 
the CDP1854A is configured to receive commands and 
send status via the microprocessor data bus. The register 
connected to the transmitter bus or the receiver bus is 
determined by the RD/WR and RSEL inputs as follows: 


Table III — Register Selection Summary 


Load Transmitter Holding Register from 
Transmitter Bus 


Read Receiver Holding Register from 
Receiver Bus 


|jLoad Control Register from Transmitter 
Bus 


Read Status Register from Receiver Bus 


In this mode the CDP1854A is compatible with a bidirec- 
tional bus system. The receiver and transmitter buses are 
connected to the bus. CDP1800-series microprocessor I/O 
control output signals can be connected directly to the 
CDP1854A inputs as shown in Fig. 2. The CLEAR input is 
pulsed, resetting the Control, Status, and Receiver Holding 
Registers and setting SERIAL DATA OUT (SDO) high. The 
Control Register is loaded from the Transmitter Bus in 
order to determine the operating configuration for the 
UART. Data is transferred from the Transmitter Bus inputs 
to the Control Register during TPB when the UART is 
selected CS1 - CS2 - CS3=1) and the Control Register is 
designated (RSEL='i, RD/WR=L). The CDP1854A also has 
a Status Register which can be read onto the Receiver Bus 
(R BUS 0- R BUS 7) in order to determine the status of the 
UART. Some of these status bits are also available at 
separate terminals as indicated in Table Il. . 


2. Transmitter Operation 


Before beginning to transmit, the TRANSMIT REQUEST 
(TR) bitin the Control Register (see bit assignment, Table 
IV) is set. Loading the Control Register with TR=1 (bit 
7=high) inhibits changing the other control bits. Therefore 
two loads are required: one to format the UART, the second 
to set TR. When TR has been set, a TRANSMITTER 
HOLDING REGISTER EMPTY (THRE) interrupt will occur, 
signalling the microprocessor that the Transmitter Holding 
Register is empty and may be loaded. Setting TR also 
causes assertion of alow-level on the REQUEST TO SEND 
(RTS) output to the peripheral. It is not necessary to set TR 
for proper operation for the UART. If desired, it can be used 
to enable THRE interrupts and to generate the RTS signal. 
The Transmitter Holding Register is loaded from the bus by 
TPB during execution of an output instruction. The 
CDP1854A is selected by CS1 + CS2 - CS3=1, and the 
Holding Register is selected by RSEL=L and RD/WR=L. 
When the A END (CTS) input, which can be 
connected to a peripheral device output, goes low, the 
Transmitter Shift Register will be loaded from the Trans- 
mitter Holding Register and data transmission will begin. If 
CTS is always low, the Transmitter Shift Register will be 
loaded on the first high-to-low edge of the clock which 
occurs at least 1/2 clock period after the trailing edge of 
TPB and transmission of a start bit will occur 1/2 clock 
period later (see Fig. 3). Parity (if programmed) and stop 
bit(s) will be transmitted following the last data bit. If the 
word length selected is less than 8 bits, the most significant 
unused bits in the transmitter shift register will not be 
transmitted. 
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One transmitter clock period after the Transmitter Shift 
Register is loaded from the Transmitter Holding Register, 
the THRE signal will go low and an interrupt will occur (INT 
goes low). The next character to be transmitted can then be 
loaded into the Transmitter Holding Register for trans- 
mission with its start bit immediately following the last stop 
bit of the previous character. This cycle can be repeated 
until the last character is transmitted, at which time a final 
THRE: TSRE interrupt will occur. This interrupt signals the 
microprocessor that TR can be turned off. This is done by 
reloading the original control byte in the Control Register 
with the TR bit = 0, thus terminating the REQUEST TO 


SEND (RTS) signal. 


SERIAL DATA OUT (SDO) can be held low by setting the 
BREAK bit in the Control Register (see Table IV). SDO is 
held low until the BREAK bit is reset. 


| 
TCLOCK R CLOCK 


RSEL 

csi 
1 camara of 
1 1. 

—o———— CS3 
P 
i RD/WR E 
TPB UART i 
7 CDPI854A ¢£ mm: 
en INT prema H 
s PSI E 
R 
-— — ——- -— THRE A 
L 


CLEAR MODE 


Voo 
92CS-28460RI 


Fig. 2 - Recommended CDP1800-series connection, 
Mode 7 (non-interrupt driven system). 


3. Receiver Operation 


The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After detection of the first 
high-to-low transition on the SDI line, a valid start bit is 
verified by checking for a low-level input 7-1/2 receiver 
clock periods later. When a valid start bit has been verified, 
the following data bits, parity bit (if programmed) and stop 
bit(s) are shifted into the Receiver Shift Register by clock 
pulse 7-1/2 in each bit time. The parity bit (if programmed) 
is checked and receipt of a valid stop bit is verified. On 
count 7-1/2 of the first stop bit, the received data is loaded 
into the Receiver Holding Register. If the word length is less 
than 8 bits, zeros (low output level) are loaded into the 
unused most significant bits. If DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) status bit is 
set. One half clock period later, the PARITY ERROR (PE) 
and FRAMING ERROR (FE) status bits become valid for the 
character in the Receiver Holding Register. At this time, the 
Data Available status bit is also set and the DATA 
AVAILABLE (DA) and INTERRUPT (INT) outputs go low, 
signalling the microprocessor that a received character is 
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ready. The microprocessor responds by executing an input 
instruction. The UART’s 3-state bus drivers are enabled 
when _ the UART is selected (CS1 + CS2 - CS3=1) and 
RD/WR=high. Status can be read when RSEL=high. Data 
is read when RSEL=low. When reading data, TPB latches 


data in the microprocessor and resets DATA AVAILABLE 


(DA) in the UART. The preceding sequence is repeated for 
each serial character which is received from the peripheral. 


4. Peripheral Interface 
In addition to serial data in and out, four signals are 
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provided for communication with a peripheral. The 
REQUEST TO SEND (RTS) output signal alerts the 
peripheral to get ready to receive data. The CLEAR TO 
SEND (CTS) input signal is the response, signalling that 
the peripheral is ready. The EXTERNAL STATUS (ES) 
input latches a peripheral status level, and the PERIPHERAL 
STATUS INTERRUPT (PSI) input senses a status edge 
(high-to-low) and also generates an interrupt. For example, 
the modem DATA CARRIER DETECT line could be 
connected to the PSI input on the UART in order to signal 
the microprocessor that transmission failed because of 
loss of the carrier on the communications line. The PSI and 
ES bits are stored in the Status Register (see Table II). 


Table IV — Control Register Bit Assignment 


T A BE A 
Signal TR | BREAK ema] mar] ses ere] 


Bit Signal: Function 


O—PARITY INHIBIT (Pl): 

When set high parity generation and verification are 
inhibited and the PE Status bit is held low. If parity is 
inhibited the stop bit(s) will immediately follow the last data 
bit on transmission, and EPE is ignored. 

1—EVEN PARITY ENABLE (EPE): 

When set high, even parity is generated by the transmitter 
and checked by the receiver. When low, odd parity is 
selected. 

2—STOP BIT SELECT (SBS): 

See table below. 


3—WORD LENGTH SELECT 1 (WLS1): 
See table below. 


4—WORD LENGTH SELECT 2 (WLS2): 
See table below. 


[| Bit4 | Bits | Bit2 
|wLs2|wLst | sBs| 
0 | 0 | o 


5 data bits, 1 stop bit 
5 data bits, 1.5 stop bits 
6 data bits, 1 stop bit 

6 data bits, 2 stop bits 

7 data bits, 1 stop bit 

7 data bits, 2 stop bits 
8 data bits, 1 stop bit 
8 data bits, 2 stop bits 


5—INTERRUPT ENABLE (IE): 
When set high THRE, DA, THRE: TSRE, CTS, and PS! 
interrupts are enabled (see Interrupt Conditions, Table I). 


6—TRANSMIT BREAK (BREAK): 

Holds SDO low when set. Once the break bit in the control 
register has been set high, SDO will stay low until the break 
bit is resetlow and one of the following occurs: CLEAR 
goes low; CTS goes high; or a word is transmitted. (The 
transmitted word will not be valid since there can be no start 
bit if SDO is already low. SDO can be set high without 
intermediate transitions by transmitting a word consisting 
of all zeros). 


7—TRANSMIT REQUEST (TR): 

When set high, RTS is set low and data transfer through the. 
transmitter is initiated by the initial THRE interrupt. (When 
loading the Control Register from the bus, this (TR) bit 
inhibits changing of other control flip-flops). 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, tr,tf=20 ns, Vjp#=0.7 Vpp, ViL=0.3 Vpp, 
C_=100 pF, see Fig. 3. 


LIMITS 
CHARACTERISTIC Cee aa 854A 5 eee UNITS 


| Typ. | t | Max.” * | Typ.t | D. + | Max.* i 


CMOS Microprocessors, Memories and Peripherals 


Transmitter Timing — Mode 1 


rasa 
pee EEE 
10 125 155 
Minimum Pulse Width: 100 ol) ee! 
Clock Low Level tc 100 
Paes od od ES 
TPB tT 
10 
Minimum Setup Time: pale 175 175 inn o9. 
TPB to Clock tT 10 150 
pein sith 
Clock to Data Start Bit tcD 10 150 


— 


Clock High Level tc 


I 


—+ 


—— 5 
TPB to THRE ' 
Clock to THRE 4 5 200 300 
orn 10 100 150 i 


tTypical values are for TA=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 


TRANSMITTER HOLDING * TRANSMITTER SHIFT * * 
REGISTER LOADED REGISTER LOADED 


T CLOCK 
| 
+ | | ey 
WRITE | 
(TPB) 


—>| «top 


$D0 | | / (ST DATA BIT 


% THE HOLDING REGISTER IS LOADED ON THE TRAILING EOGE OF TPB. 


%% THE TRANSMITTER SHIFT REGISTER |S LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST I/2 CLOCK PERIOD +tTco AFTER THE TRAILING EDGE OF TPB, AND 
TRANSMISSION OF A START BIT OCCURS I/2 CLOCK PERIOD + tcp LATER. 


t WRITE IS THE OVERLAP OF TPB, CSI, AND CS3 «1 AND CS3, RD/ WR=O. 92CM~-31878 


Fig. 3 - Transmitter timing diagram - Mode 1. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, ty,tf=20 ns, VjH=0.7 Vop, ViL=0.3 Vpp, 
C_=100 pF, see Fig. 4. 


CHARACTERISTIC 


LIMITS 
Yoo [eras Toes] uve 
| Max.* | il | Typ.t | Fl | Max.*_| ud 
Receiver Timing — Mode 1 


ae ae 
ee 
Clock Low Level 100 
100 
rrr [ete 
10 
00 150 


Minimum Setup Time: 5 100 150 1 
Data Start Bit to Clock toc 10 

Propagation Delay Time: 5 = as ae | a 
TPB to DATA AVAILABLE tTDA 10 175 = 


5 220 325 220 
110 
s) 210 
105 


Clock to DATA AVAILABLE tCDA 


Clock to Overrun Error tCOE 


Clock to Parity Error 


Clock to Framing Error 


TTypical values are for Ta=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 


CC, CLOCK 7/2 | 
tonferteettey SAMPLE CLOCK 7% LOAD HOLDING REGISTER, 
“ le— tye | | 
spr | START BIT paRTy] stopeit) 
1 | 
me—tTDA—w \->! retopa 


Sl 
> 


1 
QO 
oO 
m 


Uv 
m 
- + 
a 
oO 
v 
m 


es 
2 
“Tl 
m 


Ne 


92CM- 31880 
% IF ASTART BIT OCCURS AT A TIME LESS THAN toc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 


THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. 
THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 

% % READ IS THE OVERLAP OF CSI, CS3, RD/ WR=! AND CS2 =O. 
IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE 
TIME A NEW WORD !S LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE. 


t OF AND PE SHARE TERMINAL IS AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTFR 


Fig. 4 - Mode 1 receiver timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, tr,tf=20 ns, Vjp=0.7 Vpop, Vi_=0.3 Vpp, 
C._=100 pF, see Fig. 5. 


LIMITS 


CHARACTERISTIC aa CDP1854AC UNITS 


CPU Interface — WRITE Timing — Mode 1 
Minimum Pulse Width: 

TPB 
Minimum Setup Time: 


RSEL to Write 
Data to Write 


Minimum Hold Time: 
RSEL after Write 


Data after Write 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limitS of minimum characteristics are the values above which all devices function. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, ty,ts=20 ns, VjpH=0.7 Vpp, ViL=0.3 Vpp, 
C.=100 pF, see Fig. 6. 


LIMITS 


CHARACTERISTIC VpD CDP1854A CDP1854AC 


(vy | min. | Typ.i fe Me To a 


Pa 


CPU Interface — READ Timing — Mode 1 
Minimum Pulse Width: 


TPB tTT ee 
i 1 
RSEL to TPB tp 10 

5 
10 
5 
10 
1 


Minimum Hold Time: 
RSEL after TPB tTRS 


Hold Time: 5 
Data after Read tRDH 10 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 
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aad ie 
TPB™ | | 
+ ——trsw —+! it wes 
+——tow—+1 lt wo 


T BUS O- | 
T BUS 7 
| 


| 
| 
R/T B52" OO OL. 


% WRITE IS THE OVERLAP OF TPB, CSI, CS3=! AND CS2, RD/WR=O. VEC Mn dlAC9 


Fig. 5 - Mode 1 CPU interface (WRITE) timing diagram. 


ae 


1 
~—_——trst ——+| let TRS — 
RSEL . = a aa ! 
| 


R BUS O- + 
R BUS 7 
| 
Miss LLLELLLLLLLLLLSSSSCSC~S~S 
CSI,CS3 


% READ IS THE OVERLAP OF CSI, CS3, RD/WR=1 AND CS2=0. 
92CM- 3188! 


Fig. 6 - Mode 1 CPU interface (READ) timing diagram. 


“i 


Mode Input Low (Mode = 0) 


| l= Vop 
2,3* Vss 
T CLOCK | R CLOCK 21=MR 
sp0 40 | 17 
TRANSMITTER | RECEIVER det 20 55 
sane TIMING & CONTROL | TIMING & CONTROL Be aierch 
GEN | 
TRANS. RECEIVER 
55] , OHIFT | HOLDING 
REGISTER | REGISTER 
TRANS. CONTROL dy | ie STATUS 1a 3-STATE ‘ 
HOLDING REG REGISTER | REGISTER DRIVERS 
28 29 30 35 36 39 38 | 22 2413 14 15 19 5 67 8 9 1011 12 
oOo +r oO oO MM WwW —- WN | WwW w ww « owner mn — (o) 
ow i # nnn 23 a 3 a nn | ey eRe, Uh OS n NNO ND HH OW 
| 2 a8e eee 2 aS Be FOF as. 2S a 2 e ace B 
! Be ee. eo. STH CRL | SFD GAR. ON ee eee ge WARD 
TRANSMITTER RECEIVER 
BUS BUS 


TRANSMITTER. SECTION | RECEIVER SECTION 


92CL- 28458RI 


Fig. 7 - Mode 0 block diagram (industry standard compatible). 
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Functional Definitions for CDP1854A Terminals 
Standard Mode 0 


SIGNAL: FUNCTION 

VDD: 

Positive supply voltage. 

MODE SELECT (MODE): 

A low-level voltage at this input selects Standard Mode 0 
Operation. 

Vss: 

Ground. 

RECEIVER REGISTER DISCONNECT (RRD): 


A high-level voltage applied to this input disconnects the 
Receiver Holding Register from the Receiver Bus. 


RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs. 


PARITY ERROR (PE): 

A high-level voltage at this output indicates that the 
received parity does not compare to that programmed by 
the EVEN PARITY ENABLE (EPE) control. This output is 
updated each time acharacter is transferred to the Receiver 
Holding Register. PE lines from a number of arrays can be 
bused together since an output disconnect capability is 
provided by the STATUS FLAG DISCONNECT (SFD) line. 


FRAMING ERROR (FE): 

A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. FE lines from 
a number of arrays can be bused together since an output 
disconnect capability is provided by the STATUS FLAG 
DISCONNECT (SFD) line. 


OVERRUN ERROR (OE): 

A high-level voltage at this output indicates that the DATA 
AVAILABLE (DA) flag was not reset before the next 
character was transferred to the Receiver Holding Register. 
OE lines from a number of arrays can be bused together 
since an output disconnect capability is provided by the 
STATUS FLAG DISCONNECT (SFD) line. 


STATUS FLAG DISCONNECT (SFD): 

A high-level voltage applied to this input disables the 3- 
state output drivers for PE, FE, OE, DA, and THRE, allowing 
these status outputs to be bus connected. 


RECEIVER CLOCK (RCLOCK): 
Clock input with a frequency 16 times the desired receiver 
shift rate. 


DATA AVAILABLE RESET (DAR): 
A low-level voltage applied to this input resets the DA 
flip-flop. 


DATA AVAILABLE (DA): 

A high-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 


SERIAL DATA IN (SDI): 

Serial data received at this input enters the receiver shift 
register at a point determined by the character length. A 
high-level voltage must be present when data is not being 
received. 


MASTER RESET (MR): 

A high-level voltage at this input resets the Receiver 
Holding Register, Control Register, and Status Register, 
and sets the serial data output high. 
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TRANSMITTER HOLDING REGISTER EMPTY (THRE): 

A high-level voltage at this output indicates that the 
Transmitter Holding Register has transferred its contents 
to the Transmitter Shift Register and may be reloaded with 
a new Character. 


TRANSMITTER HOLDING REGISTER LOAD (THRL): 

A low-level voltage applied to this input enters the character 
on the bus into the Transmitter Holding Register. Data is 
latched on the trailing edge of this signal. 


TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 

A high-level voltage at this output indicates that the 
Transmitter Shift Register has completed serial transmission 
of a full character including stop bit(s). It remains at this 
level until the start of transmission of the next character. 


SERIAL DATA OUTPUT (SDO): 

The contents of the Transmitter Shift Register (start bit, 
data bits, parity bit, and stop (bit(s)) are serially shifted out 
on this output. When no character is being transmitted, a 
high-level is maintained. Start of transmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 


TRANSMITTER BUS (T BUS 0- T BUS 7): 
Transmitter parallel data inputs. 


CONTROL REGISTER LOAD (CRL): 

A high-level voltage at this input loads the Control Register 
with the control bits (PI, EPE, SBS, WLS1, WLS2). This line 
may be strobed or hardwired to a high-level input voitage. 


PARITY INHIBIT (Pl): 

A high-level voltage at this input inhibits the parity genera- 
tion and verification circuits and will clamp the PE output 
low. If parity is inhibited the stop bit(s) will immediately 
follow the last data bit on transmission. 

STOP BIT SELECT (SBS): 

This input selects the number of stop bits to be transmitted 
after the parity bit. A high-level selects two stop bits, a 
low-level selects one stop bit. Selection of two stop bits 
with five data bits programmed selects 1.5 stop bits. 


T CLOCK R CLOCK 


cpu TPB 
CDPI800 


92CS-34506 


Fig. 8 - Mode 0 connection diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, t,,tf=20 ns, VjH=0.7 Vpp, Vii=0.3 Vpp, 
C.=100 pF, see Fig. 9. 


LIMITS 


eae CDP1854AC UNITS 


100 150 100 150 To 
SSeS 
HTT Ste 


CHARACTERISTIC Cc 


interface Timing — Mode 0 
Minimum Pulse Width: 

CRL tCRL 
Minimum Pulse Width: 

MR 
Minimum Setup Time: 
Control Word to CRL tCWC 


Minimum Hold Time: 
Control Word after CRL tcCcw 10 


Propagation Delay Time: 
SFD High to SOD tSFDH 


SFD Low to SOD tSFDL 


RRD High to Receiver Register 
High Impedance tRRDH 


EEE 
100 
RRD Low to Receiver Register Active tRRDL 40 
tTypical values are for Ta=25°C and nominal voltages. 


*Maximum limits of minimum characteristics are the values above which all devices function. 


CONTROL INPUT WORD TIMING 


CONTROL WORD 

INPUT SSD Gai a ee eee) era 
| 

pg ee tawe pee pte OC Wat 


| 
CRL .. / \ 
eee! 


tor —_—____—_—_», 


STATUS OUTPUT TIMING 


STATUS 
OUTPUTS 
| 


RECEIVER REGISTER DISCONNECT TIMING 


R BUS 0- 
R BUS 7 f | 
—! trRDH— et RROL™ 
RRD | 


92CM-31875 


Fig. 9- Mode 0 interface timing diagram. 
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WORD LENGTH SELECT 2 (WLS2): 

WORD LENGTH SELECT 1 (WLS1): 

These two inputs select the character length (exclusive of 
parity) as follows: 


WLS2/} WLS1 Word Length 


EVEN PARITY ENABLE (EPE): 

A high-level voltage at this input selects even parity to be 
generated by the transmitter and checked by the receiver. A 
low-level input selects odd parity. 


TRANSMITTER CLOCK (TCLOCk): 
Clock input with a frequency 16 times the desired transmitter 
shift rate. 


Description of Standard Mode 0 Operation 
(Mode Input=Vss) 


1. Initialization and Controls 


The MASTER RESET (MR) input is pulsed, resetting the 
Control, Status, and Receiver Holding Registers and setting 
the SERIAL DATA OUTPUT (SDO) signal high. Timing is 
generated from the clock inputs, Transmitter Clock 
(TCLOCK) and Receiver Clock (RCLOCk), at a frequency 
equal to 16 times the serial data bit rate. When the receiver 
data input rate and the transmitter data output rate are the 
same, the TCLOCK and RCLOCK inputs may be connected 
together. The CONTROL REGISTER LOAD (CRL) input is 
pulsed to store the control inputs PARITY INHIBIT (PI), 
EVEN PARITY ENABLE (EPE), STOP BIT SELECT (SBS), 
and WORD LENGTH SELECTs (WLS1 and WLS2). These 
inputs may be hardwired to the proper voltage levels (Vss 
or Vpp) instead of being dynamically set and CRL may be 
hardwired to Vpp. The CDP1854A is then ready for 
transmitter and/or receiver operation. 


2. Transmitter Operation 


For the transmitter timing diagram refer to Fig. 10. At the 
beginning of a typical transmitting sequence the Transmitter 
Holding Register is empty (THRE is HIGH). A character is 
transferred from the transmitter bus to the Transmitter 
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holding Register by applying a low pulse to the TRANS- 
MITTER HOLDING REGISTERLOAD (THRL) input causing 
THRE to go low. If the Transmitter Shift Register is empty 
(TSRE is HIGH) and the clock is low, on the next high-to- 
low transition of the clock the character is loaded into the 
Transmitter Shift Register preceded by a start bit. Serial 
data transmission begins 1/2 clock period later with a start 
bit and 5-8 data bits followed by the parity bit (if pro- 
grammed) and stop bit(s). The THRE output signal goes 
high 1/2 clock period later on the high-to-low transition of 
the clock. When THRE goes high, another character can be 
loaded into the Transmitter Holding Register for trans- 
mission beginning with a start bit immediately following the 
last stop bit of the previous character. This process is 
repeated until all characters have been transmitted. When 
transmission is complete, THRE and Transmitter Shift 
Register Empty (TSRE) will both be high. The format of 
serial data is shown in Fig. 12. Duration of each serial 
Output data bit is determined by the transmitter clock 
frequency (fCLOCK) and will be 16/f CLOCK. 


3. Receiver Operation 


The receive operation begins when astart bit is detected at 
the SERIAL DATA IN (SDI) input. After the detection of a 
high-to-low transition on the SDI line, a divide-by-16 
counter is enabled and a valid start bit is verified by 
checking for a low-level input 7-1/2 receiver clock periods 
later. When a valid start bit has been verified, the following 
data bits, parity bit (if programmed), and stop bit(s) are 
shifted into the Receiver Shift Register at clock pulse 7-1/2 
in each bit time. If programmed, the parity bit is checked, 
and receipt of a valid stop bit is verified. On count 7-1/2 of 
the first stop bit, the received data is loaded into the 
Receiver Holding Register. If the word length is less than 8 
bits, zeros (low output voltage level) are loaded into the 
unused most significant bits. If DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) signal is 
raised. One-half clock period later, the PARITY ERROR 
(PE) and FRAMING ERROR (FE) signals become valid for 
the character in the Receiver Holding Register. The DA 
signal is also raised at this time. The 3-state output drivers 
for DA, OE, PE and FE are enabled when STATUS FLAG 
DISCONNECT (SFD) is low. When RECEIVER REGISTER 
DISCONNECT (RRD) goes low, the receiver bus 3-state 
output drivers are enabled and data is available at the 
RECEIVER BUS (R BUS 0 - R BUS 7) outputs. Applying a 
negative pulse to the DATA AVAILABLE RE (DAR) 
resets DA. The preceding sequence of operation is repeated 
for each serial character received. Areceiver timing diagram 
is shown in Fig. 11. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, tr,tf=20 ns, VipH#=0.7 Vop, ViL=0.3 Vpp, 
C.=100 pF, see Fig. 10. 


CHARACTERISTIC 


LIMITS 
SEES 
| typ. | Max. 
Transmitter Timing — Mode 0 


310 
Minimum Clock Period 
125 155 
Minimum Pulse Width: 100 125 100 125 
Clock Low Level. tCL 10 75 100 — — 
1 
10 100 — 
100 ~ 100 150 
10 — 
Minimum Setup Time: 175 175 275 
THRL to Clock tTHC 


Data to THRL 


Minimum Hold Time: 
Data after THRL 
Propagation Delay Time: 
Clock to Data Start Bit 


*Typical values are for Ta=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 


** SRANSMITTER SHIFT 


TRANSMITTER HOLDING REGISTER LOADED 


REGISTER LOADED 
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tot —el—tTp > 
T BUS O- ee 
Pause ce ON a 


% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF THRL. 

%% THE TRANSMITTER SHIFT REGISTER, IF EMPTY, IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD+tTHCAFTER THE TRAILING EDGE OF THRL, AND TRANS- 
MISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcp LATER. 

92CM-31876RI 
Fig. 10 - Mode 0 transmitter timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, tr,tf=20 ns, VjH=0.7 Vpp, ViL=0.3 Vpp, 
C._=100 pF, see Fig. 11. 


LIMITS 
CHARACTERISTIC VoD CDP1854A CDP1854AC UNITS 


(v)__| Typ.t 
Receiver Timing — Mode 0 


10 125 155 
Minimum Pulse Width: 129 Heo ee 
Clock Low Level 
100 125 125 


DATA AVAILABLE RESET 


Minimum Setup Time: 
Data Start Bit to Clock 


Propagation Delay Time: 
DATA AVAILABLE RESET to 


Data Available 


Clock to Data Valid 
Clock to Data Available 
Clock to Overrun Error 
Clock to Parity Error 


Clock to Framing Error 


tTypical values are for T~=25°C and nominal voltages. 
_*Maximum limits of minimum characteristics are the values above which all devices function. 
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tcc \ 
~~ CLOCK 7 /2 

Ley SAMPLE CLOCK 7/2 LOAD HOLDING REGISTER 
1d o4 


toy teobeet 
R CLOCK 2FiaClaf Isl lef 17 Vel LPF Ley isi ef zl ef el] 
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] 

tcpe —j-—e 
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l 
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% IF ASTART BIT OCCURS AT A TIME LESS THAN toc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK. THE START 
BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 


% % IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD |S LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE. 
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Fig. 11 - Mode 0 receiver timing diagram. 
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_ 5-8 DATA BITS i¢— STOP BITS 
ae * ke \ ye + i 11 2 ORZ 
DATA DATA’ __ 


LSB MSB SCAG 
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Fig. 12 - Serial data word format. 
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Features: 


TOP VIEW 
92CS- 29965R2 


calculations 
TERMINAL ASSIGNMENT 


The RCA-CDP1855 and CDP1855C are CMOS 8-bit 
multiply/divide units which can be used to greatly increase 
the capabilities of 8-bit microprocessors. They perform 
multiply and divide operations on unsigned, binary 
operators. In general, microprocessors do not contain 
multiple or divide instructions and even efficiently coded 
multiply or divide subroutines require considerable memory 
and execution time. These multiply/divide units directly 
interface to the CDP1800 series microprocessors via the 
N-lines and can easily be configured to fit in either the 
memory or I/O space of other 8-bit microprocessors. 


The multiple/divide unit is based on a method of multiplying 


CDP 1802 
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8-Bit Programmable 
Multiply/Divide Unit 


= Cascadable up to 4 units for 32-bit by 32-bit multiply or 64 + 32 bit divide 
8-bit by 8-bit multiply or 16 + 8 bit divide in 5.6 us at 5 V or 2.8 us at 10 V 
Direct interface to CDP1800 Series microprocessors 

Easy interface to other 8-bit microprocessors 

Significantly increases throughput of microprocessor used for arithmetic 


by add and shift right operations and dividing by subtract 
and shift left operations. The device is structured to permit 
cascading identical units to handle operands up to 32 bits. 


The CDP1855 and CDP1855C are functionally identical. 
They differ in that the CDP1855 has a recommended 
operating voltage range of 4 — 10.5 volts, and the 
CDP1855C, a recommended operating voltage range of 4 
— 6.5 volts. 


The CDP1855 and CDP1855C types are supplied in a 28- 
lead hermetic dual-in-line ceramic package (D suffix) and 
in a 28-lead dual-in-line plastic package (E suffix). The 
CDP1855C is also available in chip form (H suffix). 


+V 


CLK 
RAO cl 
RAI 
RA2 
STB 
RD/WE 

YL CDPI855 
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Fig. 1 - Circuit configuration for MDU addressed as an |/O device. 
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MAXIMUM RATINGS, Absol/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 


COP IGOS ce sasawieus lense scha thang €tee tan wu coe GUS ene Mom aceainbenuhs oan etel hy wbde Sue Reo eialen eawieuiea dies sige sles -0.5to+11V 
CDPUBSSC aoe aa teria ciy aun: ad cueing pray dia en Sine 0a Sikes Ea oS ANCOR VS AROSE CUS U DEANS AHO ONS Hea Oa eee O NS -0.5 to +7V 
INPUT VOLTAGE RANGEZSALL INPUTS: i icccscs saree nntegedvas cei deea Cheers ah ees elateus 6 eee aeeseedades -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 23.6 dvssocencssnseerdemnnesh so ta bwin woe as vaOANES§ 65 0N heeds das uee se ee sae eeeaes +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta:= 40 t0:+60"C (PACKAGE TYPE: E) sass couss.ccnu sastoanwd saa ed awkunwaed bles aunteeystae owt derneiuassaaeeais 500 mW 
For Ta = +60 to.+85°C (PACKAGE TYPE E)........cccccccccccccccccccctscscveesssseaes Derate Lineary at 12 mW/°C to 200 mW 
FOr TA ==55 to-100°C (PACKAGE TYPE O) wsncuas va was iumenwnarsenideu Sagwteo eee ed eee aeca Ne eeadeee eh aKedC Ins eeemeds 500 mW 
For Ta = +100 to +125°C (PACKAGE TYPE D) .........cccccccceccccccssccvscceonccuces Derate Lineary at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..........cccccccsccevcesccccccressssseeeseees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYRE D ci xcdcriciewuiis pain net ea tet debe edie na agen Seed Canon nea aa ee teed seth aesaes -55 to +125°C 
PACKAGE TYPE access cicedacweus cnr ew tessa teas heed ates eee ead CANA Uae ea beees Coane ae end eee -40 to +85°C 
STORAGE TEMPERATURE RANGE (Togtg) .....-. sc eee eee e nec c cern nee e een n eet e ene ee et en ne teen neste eeeenecete -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX........ cece cece cere ence e eee e rere ener eeeeeeenees +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 10%, Except as noted 


EG ae ee |S CCDP1855 UNITS 
Meo eos 
Current IDD 0, 10 10 1 5 
(Sink) Current lo 2.6 
(Source) Current 9.5 26 5.2 
tow Lov eee 01 
Output Voltage 0, 5 5 4.9 he 
Input Low 0.5, 4.5 5 
"Votge mle 7 SCE 
Voltage VIH 0.5, 9.5 Pag ess 
Current 0, 10. 1 +1 
3-State Output Leakage 0, 5 +1 +1 
Current lOUT 0, 10 io +10 = 
contre cos oowl — [otel e [a | ete f {t= [ 


Input Capacitance cn | — | — | —-|—- | 5 |75]- 1] 5 | 751 
Output Capacitance Court — [= |—- |-| @P s~—-] ops 


Typical values are for Ta = 25°C and nominal Vpp. 


CHARACTERISTIC 


#Operating current is measured at 3.2 MHz with open outputs. 
FIOL = |OH = 1HA. 
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OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions should 
be selected so that operation is always within the following ranges: 


CONDITIONS 


Li 

CHARACTERISTIC | Yoo | _ep rises __1_spprsssc —— 

| Min, | Max, Min. | Max, 

|DC Operating Voltage Range | — | 4 0 
[Input Voltage Range | CCC CVSS | CV dT VSS | CV 
Maximum Input Clock ee eee) ee eee | eee eee 
Frequenc (YS ee 
Minimum 8 x 8 Multiply SX:  -X- 


cE RA2 RAI RAG 


REGISTER 
SELECT 
LOGIC 
SELECT CONTROL Bae 
SELECT Z 


SELECT STATUS 


X SEQUENCE 
Ly COUNTER 


Le E 


5 ig aa ak 
oe yf 


[\/\ 


SSO 


cae (aN amet ese 
©) 
q 


G 
=> 
en a 
T+ Serko REGISTER oY, i 
LOAD RESET 
" ae 
cH rT =e 
ee ea sHirr 2 REGISTER = =. 
+|_RESET our LOAD_RESET _ Ty ‘ 
ieee KY) 
: ie ee 7 
edi Z 


SS 


EA 


uy 
‘ 
. 
; 


SSAiss 


ee a evs bi ey i artes 
a 2) @1) (20) (19) CS) C7) (1) CF) 
(10) Veg C4) 
@) Vo0 92CL - 3186! 


Fig. 2 - Block diagram of CDP1855 and CDP1855C. 
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FUNCTIONAL DESCRIPTION 


The CDP1855 is a multiply-divide unit (MDU) designed to 
be compatible with CDP1800 series microprocessor 
systems. It can, in fact, be interfaced to most 8-bit 
microprocessors (see Fig. 5). The CDP 1855 performs binary 
multiply or divide operations as directed by the micro- 
processor. It can do a 16N-bit by 8N-bit divide yielding an 
8N-bit result plus and 8N-bit remainder. The multiply is an 
8N-bit by 8N-bit operation with a 16N-bit result. The “N” 
represent the number of cascaded CDP1855’s and can be 1, 
2, 3 or 4. All operations require 8N + 1 shift pulsés (See 
“DELAY NEEDED WITH AND WITHOUT PRESCALER’” Pg. 
7). 


The CDP1855 contains three registers, X, Y, and Z, which 
are loaded with the operands prior to an operation and 
contain the results at the completion. In addition, the 
contro! register must be loaded to initiate a multiply or 
divide. There is also a status register which contains an 
overflow flag as shown in the “CONTROL REGISTER BIT 
ASSIGNMENT TABLE”. The register address lines (RAO- 
RA1) are used to select the appropriate register for loading 
or reading. The RD/WE. and STB lines are used in 
conjunction with the RA lines to determine the exact MDU 
response (See “CONTROL TRUTH TABLE”). 


When multiple MDU’s are cascaded, the loading of each 
register is done sequentially. For example, the first selection 
of register X for loading loads the most significant CDP1855, 
the second loads the next significant, and so on. Registers 
are also read out sequentially. This is accomplished by 
internal counters on each MDU which are decremented by 
STB during each register selection. When the counter 


- matches the chip number (CN1, CNO lines), the device is 


selected. These counters must be cleared with a clear on 
pin 2 or with bit 6 in the control word (See “CONTROL 
REGISTER BIT ASSIGNMENT TABLE”) in order to start 
each sequence of accesses with the most significant device. 


The CDP1855 has a built in clock prescaler which can be 
selected via bit 7 in the control register. The prescaler may 
be necessary in cascaded systems operating at high 
frequencies orin systems where a Suitable clock frequency 
is not readily available. Without the prescaler select, the 
shift frequency is equal to the clock input frequency. With- 
the prescaler selected, the rate depends on the number of 
MDU’s as defined by bits 4 and 5 of the control word (See 
“CONTROL REGISTER BIT ASSIGNMENT TABLE”). 

1. For one MDU, the clock frequency is divided by 2. 

2. Fortwo MDU’s the clock frequency is divided by 4. 

3. For3 or 4MDU'’s, the clock frequency is divided by 8. 


OPERATION 


1. Initialization and Controls 


The CDP1855 must be cleared by a low on pin 2 during 
power-on which prevents bus contention problems at the 
YL, YR and Z:, Zr terminals and also resets the sequence 
counters and the shift pulse generator. 


Prior to loading any other registers the control register must 
be loaded to specify the number of MDU’s being used (See 
“CONTROL REGISTER BIT ASSIGNMENT TABLE”). 


Once the number of devices has been specified and the 
sequence counters cleared with a clear pulse or bit 6 of the 
control word, the X, Y, and Z registers can be loaded as 
defined in the “CONTROL TRUTH TABLE”. All bytes of the 
X register can be loaded, then all bytes of the Y, and then all 
bytes of the Z, or they can be loaded randomly. Succcessive 
loads to a given register will always proceed sequentially 
from the most significant byte to the least significant byte, 
as previously described. Resetting the sequence counters 
select the most significant MDU. In a four MDU system, 
loading all MDU’s results in the sequence counter pointing 
to the first MDU again. In all other configurations (1, 2, or 3 
MDU’s), the sequence counter must be reset prior to each 
series of register reads or writes. 


2. Divide Operation 


For the divide operation, the divisor is loaded in the X 
register. The dividend is loaded in the Y and Z registers with 
the more significant half in the Y register and the less 
significant half in the Z register. These registers may be 
loaded in any order, and after loading is completed, a 
control word is loaded to specify a divide operation and the 
number of MDU’s and also to reset the sequence counters 
and Y or Z register and select the clock option if desired. 
Clearing the sequence counters with bit 6 will set the MDU’s 
up for reading the results. 


The X register will be unaltered by the operation. The 
quotient will be in the Z register while the remainder will be 
in the Y register. An overflow will be indicated by the 

.F. of the most significant MDU and can also be 
determined by reading the status byte. 


While the CDP1855 is specified to perform 16 by 8-bit 
divides, if the quotient of a divide operation exceeds the size 
of the Z register(s) (8N-bits - where N is the number of 


cascaded CDP1855’s) the overflow bit in the Status Register 
will be set. Neither the quotient in Z nor the remainder in Y 
will represent a valid answer. This will always be the result 
of a division performed when the divisor (X) is equal to or 
greater than the most significant 8N-bits of the dividend (Y). 


The MDU can still be used for such computations if the 
divide is done in two steps. The dividend is split into two 
parts—the more significant 8N-bits and the less significant 
8N-bits—and a divide done on each part. Each step yields 
an 8N-bit result for a total quotient of 16N-bits. 


The first step consists of dividing the more significant 8N- 
bits by the divisor. This is done by clearing the Y register(s), 
loading the Z register(s) with the more significant 8N-bits of 
the dividend, and loading the X register(s) with the divisor. 
A division is performed and the resultant value in Z 
represents the more significant 8N-bits of the final quotient. 
The Z register(s) value must be unloaded and saved by the 
processor. 


A second division is performed using the remainder from 
the first division (in Y) as the more significant 8N-bits of the 
dividend and the less significant half of the original dividend 
loaded into the Z register. The divisor in X remains unaltered 
andis, by definition, larger than the remainder from the first 
division which is in Y. The resulting value in Z becomes the 
less significant 8N-bits of the final quotient and the value in 
Y is, as usual, the remainder. 


Extending this technique to more steps allows division of 
any size number by an 8N-bit divisor. 


Note that division by zero is never permitted and must be 
tested for and handled in software. 


The following example illustrates the use of this algorithm. 


Example: 
Assume three MDU’s capable of a by 24-bit division. The 
problem is to divide 00F273,491CO6H by 0003B4H. 


Step 1: 000000 , 00F273 / 0003B4 = 000041 R=0001BF 
Y Z(MS) X Z1 Y1 
Step 2: OOOIBF , 491C06 / 0003B4 = 78C936 R=O0000E 
Y1 Z(LS) X Z2 Y2 
Result: 000041 , 78C936 R=00000E 
21 Z2 Y2 


335 
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OPERATION (Cont'd) 


The Z register can simply be reset using bit 2 of the control 
word and another divide can be done in order to further 
divide the. remainder. 


3. Multiply Operation 


For a multiply operation the two numbers to be multiplied 
are loaded in the X and Z registers. The result is in the Y and 


Z register with Y being the more significant half and Z the 
less significant half. The X register will be unchanged after 
the operation is completed. 


The original contents of the Y register are added to the 
product of X and Z. Bit 3 of the control word will reset 
register Y to 0 if desired. 


FUNCTIONAL DESCRIPTION OF CDP1855 TERMINALS 


CE - CHIP ENABLE (Input): 


Ahigh on this pin enables the CDP1855 MDU to respond to 
the select lines. All cascaded MDU’s must be enabled 
together. CE also controls the tristate C.0./0.F., output of 
the most significant MDU. 


CLEAR (input): 


The CDP1855 MDU(s) must be cleared upon power-on with 
a low-on this pin. The clear signal resets the sequence 
counters, the shift pulse generator, and bits 0 and 1 of the 
control register. 


CTL — CONTROL (Input): 


This is an input pin. All CTL pins must be wired together and 
to the Y,_ of the most significant CDP1855 MDU and to the 
ZR of the least significant CDP1855 MDU. This signal is 
used to indicate whether the registers are to be operated on 
or only shifted. 


C.0./0.F. — CARRY OUT/OVER FLOW (Output): 


This is a tristate output pin. Itis the CDP1855 Carry Out 
signal and is connected to Cl (CARRY-IN) of the next more 
significant CDP1855 MDU, except for on the most significant 
MDU. On that MDUit is an overflow indicator and is enabled 
when chip enables is true. Alow on this pin indicates that an 
overflow has occured. The overflow signal is latched each 
time the control register is loaded, but is only meaningful 
after a divide command. 


YL, YR — Y-LEFT, Y-RIGHT: 


These are tristate bi-directional pins for data transfer 
between the Y registers of cascaded CDP1855 MDU’s. The 
YR pinis an output and Y_ is an input during a multiply and 
the reverse is true at all other times. The Y_ pin must be 
connected to the Yr pin of the next more significant MDU. 
An exception is that the Y_ pin of the most significant 
CDP1855 MDU must be connected to the Zp pin of the least 
significant MDU and to the CTL pins of all MDU’s. Also the 
YR pin of the least significant MDU is tiexd to the Z,_ pin of 
the most significant MDU. 


ZL, ZR — Z-LEFT, Z-RIGHT: 


These are tristate bi-directional pins for data transfers 
between the “Z” registers of cascaded MDU’s. The Zp pinis 
an output and 2, is an input during a multiply and the 
reverse is true at all other times. The Z; pin must be tied to 
the Yr pin of the next more significant MDU. An exception 
is that the Z_ pin of the most significant MDU must be 
connected to the YR pin of the least significant MDU. Also, 
the ZR pin of the least significant MDU is tied to the Y__ of the 
most significant MDU. 


SHIFT — SHIFT CLOCK: 


This is a tristate bi-directional pin. It is an output on the 
most significant MDU. And an input on all other MDU’s. It 
provides the MDU system timing pulses. All'SHIFT pins 
must be connected together for cascaded operation. A 
maximum of the 8N +1 shifts are required for an operation 
where “N” equals the number of MDU devices that are 
cascaded. 


CLK — CLOCK (Input): 


This pin should be grounded on all but the most significant 
MDU. There is an optional reduction of clock frequency 
available on this pin if so desired, controlled by bit 7 of the 
control byte. 


STB — STROBE (Input): 


When RD/WE is low data is latched from bus lines on the 
falling edge of this signal. It may be asynchronous to the 
clock. Strobe also increments the selected register’s 
sequence counter during reads and writes. TPB would be 
used in CDP1800 systems. 


RD/WE — READ/WRITE ENABLE (Input): 


This signal defines whether the selected register is to be 
read from or written to. In 1800 systems use MRD if MDU’s 
are addressed as I/O devices, MWR is used if MDU’s are 
addressed as memory devices. 


RA2, RA1, RAO — REGISTER ADDRESS (Input): 


These input signals define which register is to be read from 
or written to. It can be seen in the “CONTROL TRUTH 
TABLE” that RA2 can be used as a chip enable. It is 
identifical to the CE pin, except only CE controls the tristate 
C.0./0.F. on the most significant MDU. in 1800 systems use 
N lines if MDU’s are used as I/O devices, use address lines 
or function of address lines if MDU’s are used as memory 
devices. 


BUS 0 — BUS 7 - BUS LINES: 


Tristate bi-directional bus for direct interface with CDP1800 
series and other 8-bit microprocessors. 


ZR — Z-RIGHT: 

See Pin 6. 

YR — Y-RIGHT: 

See Pin 5. 

Cl — CARRY IN (Input): 


This is an input for the carry from the next less significant 
MDU. On the least significant MDU it must be high (Vpp) 
on all others it must be connected to the CO pin of the next 
less significant MDU. 


CN1, CNO — CHIP NUMBER (input): 


These two input pins are wired high or low to indicate the 
MDU position in the cascaded chain. Both are high for the 
most significant MDU regardless of how many CDP1855 
MDU’s are used. Then CN1 = high and CNO = low for the 
next MDU and so forth. 


Vss — GROUND: 
Power supply line. 


Vppb — V+: 
Power supply line. 
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CONTROL TRUTH TABLE 


INPUTS* 


RA1 RAO STB 


‘e) 


RESPONSE 


NO ACTION (BUS FLOATS) 
NO ACTION (BUS FLOATS) 


X TO BUS 
Z TO BUS 
Y TO BUS 


INCREMENT SEQUENCE 
COUNTER WHEN 
STB AND RD = 


STATUS TO BUS 
LOAD X FROM BUS 
LOAD Z FROM BUS ( SEQUENCE 
LOAD Y FROM BUS ) COUNTER 
LOAD CONTROL REGISTER 

NO ACTION (BUS FLOATS) 


INCREMENT 


leet a en a a a a ar 2) 
ne en ee ee oe a | 

<x<-+-00=- 400 X 
x-A Oo-0- 0-0 « X 
ora ast st KKK KK OK 


oooo0oA—- — — < xX 


*(_) = 1800 system signals. 1 = High Level, 0 = Low Level, X = High or Low Level. 


CONTROL REGISTER BIT ASSIGNMENT TABLE 


(et [80 | oPenarion sevecr 
o_o |_Noorenarion 
Co | i | mutipLry 
C1 e | ome 
Ta I ecat stare 


B2 = 1, RESET Z REGISTER 
B3 = 1, RESET Y REGISTER 


ce Ce 
ee ee ee 
Pa fo | TWwombu's 


To [1 | tanec mou | 
To [0 | oun mune 


B6 = 1, RESET SEQUENCE COUNTER 


REGISTER 
RESET 
i i 


#OF MDU’s | SHIFT RATE 
[1+ _[rerock 2 


2 [etock | 
(«| cock re 


B7 = 1, SELECT SHIFT RATE OPTIONS: ————i 


B7 = 0, SHIFT = CLOCK FREQUENCY RATE 


‘STATUS REGISTER 


| Cf ——sStatus Byte =—“(‘CO;;*;™;*~*~*™Y 
| Bit 76543210 
| Output | g 0 0 0 0 9 0 OF, 


= 1 if overflow (only valid 
i: a divide has been done) 


NOTE: Bits 1 — 7 are read as 0 always 
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DELAY NEEDED WITH AND WITHOUT PRESCALER 


8N+1 Shifts/Operation at 1 Clock Cycle/Shift 
N = Number of MDU’s S = Shift Rate 


With Prescaler 


Machine Machine 
Shifts - 5 (8N+1) Cycles Shift 
Needed Needed* Rate 


3 (1 NOP 


a 
| BSCS sa (3 NOPS | gg 
3(1NOP) | _—-200_~——s{|_—=—25 (9 NOPs |g 


4 (2 NOPs) 33 (11 NOPs) 


*NOP instruction is shown for machine cycles needed (3/NOP). Other instructions may be used. 


Vcc 
CDP1855 INTERFACING SCHEMES <4] vel a 2ef os 
24 
Poa 
3 
ai Be 
4 BES 
22 
2I 
20 DATA BUS 
[a is ne 
—» CLEAR = / 
Se cLk BUS 
410 16 I 
>) RO/WE BUS Z 
STB BUS iS © 
RAZ RAIRAG CE 0 
o 
o 
AB | © 
AQ 
LO/M 
a 7 
92CS-33173RI Ct a 
1/4 CD401! 
LK(OUT) 
( RESET OUT 
Fig. 3- Required connection for memory Fig. 4 - Interfacing the CDP1855 to an 8085 


mapped addressing of the MDU. microprocessor as an |/O device. 
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PROGRAMMING EXAMPLE FOR MULTIPLICATION 


Fora 24-bit x 24-bit multiply using the system shown in Figure 5, the following is an assembly listing of a program to multiply 
201F7C16 by 72300946: 


MEMORY OP LINE ASSEMBLY 

LOCATION CODE NO. LANGUAGE 
OOOO FEROs QOO1 LDI O30OH 
QQ0? ae OOO? FLO R2 »~«LQAD 20 INTO R2.0O 
QOOR FROOs OOS LOI OOH 
OOS Ries OOd4 FHI R2 »-LQOAD OO INTO R2.1 (R2=0030) 
OOS 67585 OOOS OUT 7; DC OSBH  ..LOAD CONTROL REGISTERS 
QOQOB : QOOOS . SPECIFYING THREE MDU'S, 
QO Fy OOO? »»RESET THE Y REGISTER AND 
QOoOONS ; QQO8 ».- SEQUENCE COUNTER 
OOO 64205 QUO OUT 4; DC O2OH ..LOAD MSE OF X REGISTER 
OOOH : QQOLO » WITH 20 
QOOA O41F; OOd QUT 4; DC O1FH ..LOAD NEXT MSE OF X REG 
Ooooc ‘ OOS » WITH 1F 
oOoOoOC 647C 8 OOS OUT 4; DC O7CH ..LOAD LSB OF X REGISTER 
QQQE ; QOO14 ~WITH 7C 
QOOOE 6572¢ Oo1s OUT Ss; DC O72H ..LOAD MSR OF Z REGISTER 
QOOLO : OO16 ~ WITH 72 
QOO1O 652C 5 OO1L7 OUT Ss; DC OFCH ..LOQAD NEXT MSB OF Z REG 
QO ; QO18 ~-WITH 2C 
OO? SSOGD sg OO19 QUT Ss DC OSH » LOAD LSB OF Z REGISTER 
OOF : QORO ~-WITH OF 
OO1L4 S759 s OO2 1 QUT 7s DC OS9H ..LOAD CONTROL REGISTERS 
OO1S ; Oa » RESETTING Y REGISTERS 
QOS A Qe »- AND SEQUENCE COUNTERS 
OO1LS : OdZ4 ~-AND STARTING MUL TIFLY 
OO116 : OOS » -QPERAT ION 

DELAY FOR MULTIPLY TO FINISH 

QOO1LG are QOS SEX Ro 
OO17 6E SOs OOL7 INF 4; IRX »+MSB OF RESULTS IS STORED 
Oo. : OOZES ».AT LOCATION O0830 
OOS SE 6Os OED INF 6; IRX 
OOLB 6E SOs OOZO INF Ss IRX 
OOD DO 4 OOF 1 INF Ss IRX 
QOOLF 46D60; OOR2 INF Ss IRX 
Oost 6); OO33 INF &S » COMPLETE LOADING RESULT 
Qg22 ; OO4 «INTO MEMORY LOCATIONS 
OO H OO35 229030 TO OO8S5 
oo2? 5 OOZ6 .» .RESULTS=OFRSS8DRBAZRSC 
OOe. BOLL § 0037 STOF BR STOF 
Q024 OOS8 END 
OOdg 


The result of 201F7C46 x 72300916 is OE558DBA2B5C = 
1576061279727640. It will be stored in memory as follows: BEFORE MULTIPLY 


MDU1 MDU2 MDU3 


Register X 
Register Y 
Register Z 


AFTER MULTIPLY 


MDU1 MDU2 MDU3 


Register X 
Register Y 
Register Z 
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PROGRAMMING EXAMPLE FOR DIVISION 


MEMORY 
LOCATION 


0000 
0000 
0000 
0000 
0004 
0004 
0008 
0008 
000C 
000C 
‘000C 
OOOF 
OOOF 
OOOF 
OOOF 
0011 

0011 

0014 

0016 
0016 
0016 
0019 
0019 
0019 
001C 
001C 
001C 
001F 
001F 
0021 

0021 

0021 

0021 

0024 

0024 
0027 

0027 

0028 
0000 


OP 


CODE 


68022000; 
68033000; 


68044000; 


E067F0; 


E464; 


E06600; 
E365;: 


E067F2; 


E26D60; 


’ 


E067F0; 
E365; 


E067F2; 
E26D60; 


6E; 


LINE 
NO. 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
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ASSEMBLY 
LANGUAGE 


. Program example for a 16 bit by 8 bit divide using 1 CDP 1855 MDU 
. . Gives a 16 bit answer with 8 bit remainder 


RLD! R2,2000H . . Answer is stored at 2000 hex 
. . Register 2 points to it 

RLD! R3,3000H . . Dividend is stored at 3000 hex 
. . Register 3 points to it 

RLDI R4,4000H . . Divisor is stored at 4000 hex 


. . Register 4 points to it 


SEX RO; OUT 7; DC OFOH _.. . Write to the control register to use 
. clock / 2; 1 MDU; reset sequence 
. counter; and no operation 


SEX R4; OUT 4 . . Load the divisor into the X register 
SEX RO; OUT 6; DC 0 ... Load 0 into the Y register 
SEX R3; OUT 5 . . Load the most significant 8 bits of 
. the dividend into the Z register 
SEX RO; OUT 7; DC OF2H _.. . Do the first divide, also resets the 
. sequence counter 
SEX R2; INP 5; IRX . . Read and store the most significant 
. 8 bits of the answer at 2000 hex 
SEX RO; OUT 7; DC OFOH _... . Reset the sequence counter 
SEX R38; OUT 5 . . Load the 8 least significant 8 bits 
. . of the original dividend into the Z 
. register 
SEX RO; OUT 7; DC OF2H __.. . Do the second division 
SEX R2; INP 5; IRX . . Read and store the least significant 
. . & bits of the answer at 2001 hex 
INP 6 . . Read and store the remainder at 2002 
. hex 
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Fig. 5 - Cascading three MDU’s (CDP1855) in an 1800 system with MDU’s being accessed as 
1/O ports in programming example. 
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Fig. 6 - Cascading four MDU’s (CDP1855). 
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CDP1855, CDP1855C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5% tr, t¢ = 20 ns, Vijpy = 0.7 Vpp, Vit = 0.3 Vpp, 


LIMITS 
CHARACTERISTICe CDP1855 CDP1855C UNITS 


Ci = 100 pF (See Fig. 7) 


Typ.* 


Operation Timing 


Maximum Shift Frequency 
(1 Device)A 


Minimum Clock Width 


edb 
no 


Maximum Clock Frequency+ : ~ 
suet ? eer 

ee 

| 150 | 


Ww 
—_ 
NO 


Minimum Clock Period 


—_ 
nN 
on 


Clock to Shift Prop. Delay 


—_h, 
oO 
oO 
W ID 15, on 


=|, ]o 
|! lio 


Minimum C.Il. to Shift Setup 


8 
or 
© 


C.O. from Shift Prop. Delay 


ié) 
oO 
(o>) 


Minimum C.l. from Shift Hold 


Minimum Register Input Setup 


e) —_ fast “i 
Oo 
efalsfalsf 


Register after Shift Delay 


— 
© 
(a) 


Minimum Register after Shift Hold 


_ 
on 
So 


C.O. from C.l. Prop. Delay 


~“ 
oi 


Register from C.l. Prop. Delay 


_s 
ye) 
=) 


Maximum limits of minimum characteristics are the values above which all devices function. 
“Typical values are for Ta = 25°C and nominal voltages. 


+Clock frequency and pulse width are given for systems using the internal clock option of the CDP1855. Clock frequency 
equals shift frequency for systems not using the internal clock option. 


AShift period for cascading of devices is increased by an amount equal to the C.I. to C.0. Prop. Delay for each device added. 


SS tCLOCK = 


‘SHIFT (PRESCALER OFF) 
tCSH 


tPLH tT PHL 


C-O,YL. YR, ZLsZpR OUT 


CinsYuoYR» ZpsZR IN 


92CM-34840 


Fig. 7 - Operation timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5% tr, t¢ = 20 ns, Vipq = 0.7 Vp, Vi_ = 0.3 Vpp, 
Ci = 100 pF (See Fig. 8) 


LIMITS 


CHARACTERISTICe COP1855 CDP1855C UNITS 


Reva Risse Deeeal ant Ses Maco 
ps | | ols | Kt wl 
| io | — | 2 | 40 | —~ | — | — | 


Write Cycle 


Minimum Clear Pulse Width 


|. 5 | — | 150 | 225 | — | 150 | 225 | 
hr hie nee ee 


Minimum Write Pulse Width 


Minimum Data-In Setup 
Minimum Data-In-Hold 
Minimum Address to Write Setup 


Minimum Address after Write Hold 


®Maximum limits of minimum characteristics are the values above which all devices function. 
"Typical values are for Ta = 25°C and nominal voltages. 


RD/ WE \\\ {// 


“I 
s ZX EZARCZZZIZ ELLE LLL 


tosu 


"DH * WRITE 1S OVERLAP OF 
CE=1,RO/WE =%,AND STB= I. 


tasu 92CM-3484/ 
—+| TAH 


Fig. 8 - Write timing diagram. 
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CDP1855, CDP1855C 
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5% tr, t¢ = 20 ns, Vix = 0.7 Vp, ViL = 0.3 Vpp, 


LIMITS 
CHARACTERISTICe CDP1855 | ss CDP1855C__| UNITS 


Ci = 100 pF (See Fig. 9) 


lead laa 


Read Cycle 


CE to Data Out Active 
CE to Data Access 
Address to Data Access 
Data Out Hold after CE 
Data Out Hold after Read 
Read to Data Out Active 
Read to Data Access | 
Strobe to Data Access 


Minimum Strobe Width 


Maximum limits of minimum characteristics are the values above which al! devices function. 
“Typical values are for Ta = 25°C and nominal voltages. 


amar \__ 


RO/ WE a ra ae a ae 
| ADVANCE | 
SEQUENCE COUNTER | ) 
: tsw | | | 
STB Rs ee ee ee 
| | | 
| 
| «¢ 


| 
[erie 1h he pertaaney wl toon | | | 
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Fig. 9 - Read timing diagram. 
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CDP1856, CDP1856C, CDP1857, CDP1857C 


Features: 


transfer 


1 
2 
3 
4 
5 
6 
7 
8 


TOP VIEW 


92CS- 28097 


TERMINAL ASSIGNMENT 


The RCA-CDP1856, CDP1856C, CDP 1857, and CDP1857C 
are 4-bit CMOS non-inverting bus separators designed for 
use in CDP1800-series microprocessor systems. They can 
be controlled directly by a 1800-series microprocessor 
without the use of additional components. 


The CDP 1856 is designed for use as a bus buffer or separa- 
tor between the 1800-series microprocessor data bus and 
memories. The CDP1857 is designed for use as a bus buffer 
or separator between the 1800-series microprocessor data 
bus and I/O devices. Both types provide a chip-select (CS) 
input signal which, when high (1), enables the bus- 
separator three-state output drivers. The direction of data 
flow, when enabled, is controlled by the MRD input signal. 


In the CDP1856, when the MRD signal = 0 (low), it enables 
the three-state bus drivers (DBO — DBS) and outputs data 
from the DATA-IN terminals to the data bus. When MRD = 1 
(high), it disables the three-state bus drivers and enables 
the three-state data output drivers (DOO-DOS3), thus 
transferring data from the data bus to the DATA-OUT 
terminals. 


In the CDP1857, when MRD = 1, it enables the three state 


bus drivers (DBO-DB3) and transfers data from the DATA- 
IN lines onto the data bus. When MRD = 0, it disables the 


CDP1857 FUNCTION TABLE | 
For I/O Bus Separator Operation 


4-Bit Bus Buffers/Separators 


m Provides easy connection of memory 
and |/O devices to CDP1800-series 
microprocessor data bus. 

@ Non-inverting fully buffered data 


three-state bus drivers (DBO-DB3) and enables the three- 
state data output drivers (DO0O-DOS3), thus tranferring data 
from the data bus to the DATA-OUT terminals. 


The CDP1856 or CDP1857 can be used as a bi-directional 
bus buffer by connecting the corresponding DI and DO 
terminals (Fig. 2). The MRD output signal from the 1800 
series microprocessor has the correct polarity to control 


the CDP1856 when this device is used as a memory data bus a 
buffer/ separator, or the CDP1857 when it is used as 1/O bus 


buffer/separator. Therefore, the 1800 series microproces- 
sor MRD signal can be connected directly to the MRD input 
of either device. See Function Tables | and II for use of the 
CDP1856 as a memory data bus buffer/separator and 
CDP1857 as an I/O bus buffer/separator. 


The CDP1856 and CDP1857 are functionally identical to the 
CDP1856C and CDP1857C, respectively. The CDP1856 and 
CDP1857 have a recommended operating-voltage range of 
4 to 10.5 volts, and the CDP1856C and CDP1857C have a 
recommended operating-voltage range of 4 to 6.5 volts. The 
CDP1856, CDP1856C, CDP1857 and CDP1857C are sup- 
plied in 16-lead hermetic, dual-in-line ceramic packages (D 
suffix), and in 16-lead plastic packages (E suffix). 


CDP1856 FUNCTION TABLE Il 
For Memory Data Bus Separator Operation 


DATA BUS OUT DATA OUT 
DBO — DB3 DOO — DO3 
Pe ee 
X IMPEDANCE IMPEDANCE 
tet ee 
1 IMPEDANCE 
Fe ae 


DATA BUS OUT DATA OUT 
DBO — DB3 | DOO — DO3 
Ae oe ey 
X IMPEDANCE IMPEDANCE 
HIGH 
areas ree 


a 


DATA IN 


HIGH 
1 1 IMPEDANCE DATA BUS 
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CDP1856, CDP1856C, CDP1857, CDP1857C 


— 
| eee 


CDP1856 B*Vss 92cs-28094 cpp1as7 «°° V8S__szcs-2e09s 


Fig. 1 — Functional diagrams for CDP1856 and CDP1857. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(All voltage values referenced to Vss terminal) 


CDRIBS6, GOP 1891 <:icyucahicneea eit neta Cae taa nos Web artl ae Ad Vane ve eh Gea en awhaoa mune beatae -0.5 to +11V 

CDP1856C, CDP1857C ....... saa Nek CAG SEAN ACW IAG he OUST G Pe Ae ol A a a a ~0.5 to +7 V 

INPUT VOLTAGE RANGE; ALLOINPUTS is icine tig tains atte oP eas We WR Venda NOG bi OS eked eee eee -0.5 to Von + 0.5 V 

DC.INPUT CURRENT. ANY ONE INPUT cece y-resae veswae Writes oS 14 wees Mew aes wD Satara Daren ois DRG Saw ae ROA Das +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ts = 4010-460" C (PACKAGE TYPE ©) ses vcd eee isansiacie ns ec hura rl bb Condon BOER Ee eS a eda ees 500 mW 

For Ta = +60 to 765°C (PACKAGE TYPE-E) feiicss civeasinaed dav coaieeeaaeeeeGeeewss Derate Linearly at 12 mW/°C to 200 mW 

For ta = =65-to +100" C. (PACKAGE TYPED) eis iadsad tobe cdeu Ses vane dala reseed oi wed eens Cacia evades eRe Oi E RS 500 mW 

For Ta +100 to +125°C (PACKAGE TYPE D) oc. ccccccenscncesccvecctcceseesusvessness Derate Linearly at 12 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@S) .... ccc ccc cc eect eee tee eee eee e een nneeeeees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PRORAGE HYPE DD cece seulg ti ran deicaae Wie is athe N a aaa o tua eS age as aa asp ta Srade oA RIG waNW Bink ek dew Ra oe aT -55 to +125°C 


PACKAGE LYPE-E. piri sin bee eters esse seca ou baw nee nea hea tn ee i weha ee Ae wee eA nt eee is -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tats) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from Case for 10S MAX... cc cece ete e eee ee teen ee tebe nee nero ete eteeeeeeenae +265°C 
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CDP1856, CDP1856C, CDP1857, CDP1857C 


OPERATING CONDITIONS at T, = Full Package-Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


CDP1856 CDP1856C UNITS 
CDP1857 eo 857C 


4 10.5 mat 


CHARACTERISTIC 


Supply-Voltage Range 
Recommended Input Voltage Range 


STATIC ELECTRICAL CHARACTERISTICS at Ta = —40 to +85° C, Except as noted 
CONDITIONS LIMITS 


UNITS 
CDP1856 CDP1856C 
Vop CDP1857 CDP1857C 


(V) 


CHARACTERISTIC 


0) 


Quiescent Device 
Current, lpp 


Output Low Drive 
(Sink) Current, lot 


Output High Drive 
(Source Current), lou 


Output Voltage 
Low-Levele Voi 


Output Voltage 


Input Low 0.5,4.5 1m x! Ne RT 
Voltage, Vii | 0.5,9.5 

Input High 0.5,9.5 oe SE Ta eos 
Voltage, Vin | 0.5,9.5 ieoet ieee ge ed 

Input Leakage Any See IL ae a2) = eae ee A 
Current, In| Input an ee ae a oe : 


Operating Current, 
lopim 5 = 


Input Capacitance, 


Output Capacitance, on 


4 HH a 
“Typical values are for Ta = 25°C and — voltage. 


@ Operating current measured in a CDP1802 system at 3.2 MHz with outputs floating. 
@ lo. = lon = 1 LA. 


Post 
ros 
0,10 
roa 
roa 
ya Ne 
eae 
ia 
roy 
ce 
ros 
Pos 7 
sem 


—_ mh _—s —_k 
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CDP1856, CDP1856C, CDP1857, CDP1857C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to +85°C, Vpn =+ 5%, 
Vin = 0.7 Vpp, Vii = 0.3 Vpp, t, te = 20 ns, CL = 100 pF 


CHARACTERISTIC 


Propagation Delay Time: 
MRD or CS to DO, t 


DI to DB 
DB to DO t 


eTypical values are for Ta = 25° C and nominal voltages. 


ED 

MRD or CS to DB, tes 
’ tis 

BO 


(b) ENABLE TO DO TIME 


ee 
MRC 
ee 

MRD 

OT 0B 

OB VALID DATA co VALID DATA 

(b) OL TO OB TIME (b) DB TO DO TIME 
* PULARITIES ARE REVERSED FOR COP!857 92CM-28093R2 


Fig. 2 — Timing diagrams for CDP1856 or CDP1857 (see footnote). 
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TYPICAL APPLICATIONS 


CDPI856 
OR 
COP 1857 
DOO-DO03 
DBO-0B3 
DIO- DIS 


DIRECTION ENABLE BUS-TO-BUS 
CONTROL DATA TRANSFER 


92CS-28096 


Fig. 3 — CDP1856, CDP1857 bidirectional bus buffer operation. 


MRD 


CDPI800 
SERIES 


cS 
COPI856 


DI 


CDP182! 
RAMS 
(4) 


DO -DO3 


08G-083 


DIG-D13 


MRD 


I/0 


DATA BUS (8) 


MRD 
CDP 1856 


MRD 
COP 1857 


DO@- 003 


DBd-DB3 
DIS-DI13 


cS 


ve 92CM-28098R2 


Fig. 4 — CDP1856 and CDP1857 bus separator operation. 
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CDP1858, CDP1858C, CDP1859, CDP1859C 


Features: 


| 
2 
3 
4 
5 
6 
7 
8 


TOP VIEW transfer 


92CS-31953 


CDP1858 
TERMINAL ASSIGNMENT 


RCA-CDP1858, CDP1858C, CDP1859, and CDP1859C are 
CMOS 4-bit latch decode circuits designed for use in 
CDP1800 series microprocessor systems. These devices 
have been specifically designed for use as memory-system 
decoders and interface directly with the 1800-series mi- 
croprocessor multiplexed address bus at maximum clock 
frequency. 


The CDP1858 and CDP1859 are functionally identical to the 
CDP1858C and CDP1859C, respectively. The CDP1858 and 
CDP1859 have a recommended operating-voltage range of 
4 to 10.5 volts, and the CDP1858C and CDP1859C have a 
recommended operating-voltage range of 4 to 6.5 volts. 


The CDP1858 interfaces the 1800-series microprocessor 
address bus and up to 32 CDP1822 256 x 4 RAM’s to provide 
a 4K byte RAM system. No additional components are re- 
quired. The CDP1858 generates the chip selects required 
by the CDP1822 RAM. The chip select outputs are a func- 
tion of the address bits connected to inputs MAO through 
MAS. 


The MAO-MAS3 address bits are latched at the trailing edge 
of TPA (generated by the CDP1802). When EN- 
ABLE=1 (Vpp), the CS outputs=0 (Vss), and the CE out- 
puts=1, When ENABLE=0, the outputs are enabled and 
correspond to the binary decode of the inputs. The EN- 
ABLE input can be used for memory system expansion. 


The CDP1858 is also compatible with non-multiplexed ad- 
dress bus microprocessors. By connecting the CLOCK 
input to 1 (Von), the latches are in the data following mode 
and the decoded outputs can be used in general-purpose 
memory-system applications. 


The CDP1859 interfaces the 1800-series microprocessor 
address bus and up to 32 CDP1821 1024 x 1 RAM’s to 


4-Bit Latch and Decoder 
Memory Interfaces 


mw Provides easy connection of 
memory devices to CDP1802 
microprocessor 

gw Non-inverting fully buffered data 


provide a 4K byte RAM system. The CDP1859 generates the 
chip selects required by the CDP1821 RAM. Thechip select 
outputs are a function of the address bits connected to 
inputs MA2 and MAS. The address bits connected to inputs 
MAO and MA1 are latched by the trailing edge of TPA (gen- 
erated by the 1800-series microprocessor) to provide the 
two additional address lines required by the CDP1821 when 
used in a CDP1800 series microprocessor-based system. 
When ENABLE=1, the CE outputs are 1’s; when EN- 
ABLE=0, and CE outputs are enabled and correspond to 
the binary decode of the MA2 and MAS inputs. ENABLE 
does not affect the latching or state of outputs A8, A8, AQ, or 
Ag. 

The CDP1858, CDP1858C, CDP1859, and CDP1859C are 
supplied in 16-lead, hermetic, dual-in-line side-brazed ce- 
ramic packages (D suffix) andin 16-lead dual-in-line plastic 
packages (E suffix). 


CLOCK | 
MAO 2 
MAI 3 
AB 4 
A8 5 
AS 6 
Ag 7 
Vss 8 
TOP VIEW 
92CS-31954 
CDP1859 


TERMINAL ASSIGNMENT 


File Number 1127 


CMOS Peripherals 351 


CDP1858, CDP1858C, CDP1859, CDP1859C 
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9205-29957 92CS~29058 Ri 
Fig. 1 — CDP1858 — Functional diagram. Fig. 2 — CDP1859 — Functional diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltage referenced to Vss Terminal) 


COPIES CO P1609  vrrisetie den vais tale ioe ONE ne Rea ne Sw es Wa eT eaa Tae oe anames ees 0.5to+11V 
CDP1858C, CDP1859C ....... a BEG AS ACS Pk ESS A as GT RONG OR AA AAA TRANS GS ~0.5to+7V 
INPUT VOLTAGE RANGE; ALL INPUTS ciiecci tant os euan sete na eiwiiewinw wee assainr ea aw haaneniwees hee hee 0.5 to Von + 0.5 V 
DGANPUT CURRENTAANY ONEINEUT ciscuccicahawiesed cabs nea Sien ded tate e¥ ley eladaig ad kage eV Ne es Ten R Aare +100 WA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = 40 to-F60°C (PACKAGE TYPE (BE): evan uvy ste pina eed ie Sie CRAs BRIN REAR Ue ARISING 500 mW 
For Ta = +60 to +85°C (PACKAGE TYPE E)......cccccccseeecceeeeeserecnenssseeeeeaes Derate Linearly at 12 mW/°C to 200 mW 
Por Tx = =595. to’ +100°C (PACKAGE FY PE: D) ii ae dah ga ORO oko Pe EAGT REVO EG ORs TROUT EEA HEIRESS 500 mW 
For Ta +100 to +125°C (PACKAGE TYPE D).....scccseccscescvecucesonresesecssceces Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AM PACKAGE TYP6S) oiiisvun Ses ver imos iene tees eee es cans 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PAGKAGE TYPES Oo Fiiiiaeben cweeakeu austen tow eeues ati as deh ecagaain Mee wee eek eset ta perenne ~55 to +125°C 
PACKAGE. TYPE Bxics tore oi eae iia ew tercabol sane ee coda Ae MAO eae rae Ne ee eRe Mek ee eedea eee ae ea ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tatg) 1.0... cc cece eeeeeeeeeeneeeeeens Nar P An eaeatuakars anarcnaiaa ere ree -65 to +150°C 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from Case for 10S MAX. ..ccc cece ete e eee eee e eee e eee nent eee ee eeeeenannnes +265°C 
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OPERATING CONDITIONS at Ta = Full Package-Temperature Range. 
For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 


LIMITS 
CDP1858 CDP1858C UNITS 
aa CDP1859C 


CHARACTERISTIC 


STATIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C, acuneoieia*"Seaeaaeee as noted 


CONDITIONS Pm 
CHARACTERISTIC CDP1858 CDP1858C UNITS 
Vin Voo CDP1859 Te | Wan 


I I 


Quiescent Device rotate teeters tae 
Output Low Drive rete tetetet= beter, 


Low-Leve 1 A= 0 a 
Output Voltages = pos | 4e| se | = |se| 6) =| 
input Low (0545; — | 5 | — | — | 15 | — | — | 15 | 
Voltage, Vi [oss] — | 0 | — |) -—|s |-| —| —| y 
input High SC = RG HS SRE = 


Operating Gurrent C—es[s | — | | to |- | | im], 


Output Capacitance, 
Cour 


“Typical values are for Ta = 25°C and nominal voltage. 
© lo. = lon = 1 WA. 
@ Measured in a CDP1802 or CDP1804 system at 3.2 MHz with open outputs. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta, = —-40 to +85°7 Vpn + 5%, ty, tr = 20 ns, 
Vin = 0.7 Vop, Vit = 0.3 Vop, Ci. = 100 pF, See Fig. 3. 


LIMITS 
CHARACTERISTIC CDP1858 CDP1858C UNITS 


[min | Typ. [| Max. | Min | Typ. [ Max. | 
Minimum Setup Time, Memory 25 40 pare 
Address to Clock, tmact 10 10 25 
Address After Clock, tcima 10 
Width, terer : 
ak Ot relciateiciaiey 
150 225 
Clock to Outputs, tcro 10 75 125 
to Outputs, tao _ i: 75 125 — 
ENABLE to 5 125 200 125 ca 
Typical values are for Ta = 25°C and nominal voltages. 
Maximum limits of minimum characteristics are the values above which all devices function. 


aah 


CLOCK | | 


| 
twaci* *CLMA 
MAO-MA3 2 Gan eae Gara 
tcLo t mao t mao 
OUTPUTS a ES GT 


(a) MEMORY ADDRESS TO OUTPUTS TIMING 


(b) ENABLE TO OUTPUTS PROP. DELAY TIMING 


92CM~-31956 


Fig. 3 — CDP1858 timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C, Vop + 5%, t,, ts = 20 ns, 
Vin = 0.7 Vob, Vi = 0.3 Vpp, Ci = 100 pF, See Fig. 4. 


LIMITS 
CHARACTERISTIC CDP1859 CDP1859C UNITS 


| Min. 
Minimum Setup Time, Memory 5 25 40 
Address to Clock, tmact 10 10 25 
Minimum Hold Time, Memory 
Address After Clock, tcima po | = [one | 
Width, terer FF 25 40 eet 
Propagation Delay Times: 

Clock to Address, tea = ap eee 

CHIP ENABLE, tcce 9 140 

Address, tmaa : 50 75 

Memory Address to BS Se hes 

CHIP ENABLE, tmace po 75 125 

ENABLE to | 200 125 

CHIP ENABLE, tece ‘: 100 aco 


Typical values are for Ta = 25°C and nominal voltages. 
Maximum limits of minimum characteristics are the values above which all devices function. 


MAO- MAS Pa Ga Rn CS 
A8\KB,A9, 59 A A eee iD Sa ee 

ewameneess eee 7. 

TEO- TES eee ee 


(a) MEMORY ADDRESS TO OUTPUT TIMING 


ENABLE 


a ‘ECE a —+|" eee 


(b) CHIP ENABLE TO CHIP ENABLE PROP DELAY 


CEO- CES 


92CM-~-31955 


Fig. 4 — CDP1859 timing diagram. 
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CDP1858 DECODE TRUTH TABLE 


NOT AFFECTED 
BY MA1, MAO 


NOT AFFECTED 
BY MAS, MA2 


X = MAS, MA2, MA1, MAO DON’T CARE 


CDP1859 DECODE TRUTH TABLE 


NOT AFFECTED 
BY MA1, MAO 


NOT AFFECTED 
BY MA3, MA2 


NOT AFFECTED BY 
ENABLE 


X = MAS, MA2, MA1, MAO DON’T CARE 
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CPU 
CDPI802 


92CL~29060RI 


Fig. 5 — 4K byte RAM system using the CDP1858 and CDP1822. 


MAO-7 


92CL-2906IRI 


Fig. 6 — 4K byte RAM system using the CDP1859, CDP1856, and CDP1821. 
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Advance Information/ 


Preliminary Data 


Features: 


I 
2 
3 
4 
5 
6 
7 
8 


TOP VIEW 
92CS- 31696 


TERMINAL ASSIGNMENT 


The RCA-CDP1863 and CDP1863C CMOS integrated cir- 
cuits are programmable frequency generators designed to 
produce 256 possible frequencies from a single-frequency 
input clock. They will interface directly with the CDP1800- 
series microprocessor as shown inthe system diagram (see 
Fig. 1). 

The CDP1863 and CDP1863C consist of a programmable 
up-counter and an 8-bit latch (see Fig. 2). An input clock is 
predivided by a fixed internal counter chain in addition to 
the programmable counter. The final stage of the device 
divides the output of the up-counter by two to provide a 
square-wave output. The input clock may be applied to 
either of two inputs; CLK1 provides a divide-by-four predi- 
vide, and CLK2 a divide-by-eight. The unused input must be 
tied to Vpp to avoid interference with the true clock. After the 
programmable up-counter has reached its maximum count, 
the next predivided clock pulse will cause it to go to zero. 
At this time, the output flip-flop toggles and the load flip- 
flop is turned on. The output of the load flip-flop is fed into 
the NOR gates which allow the divide rate stored in the 8-bit 
latch to preset the up-counter. Before the next predivided 
clock pulse clocks this up-counter, the load flip-flop is reset 
and the NOR gates are turned off. The counter then re- 


C 


ADDR BUS 
TPA 
E 


O 


N LINE 4 STR 


CDP1863, CDP1863C 


CMOS 8-Bit Programmable 
Frequency Generator 


mg Directly interfaces with CDP1800-series 
microprocessors 

w 256 possible programmable frequencies 

w Two clock input predividers (+ 4 and + 8) 

m Gated square-wave output 

w Single 4 to 10.5 V supply 


sumes its up-count. The data at the eight data inputs is 
latched into the device by the high-to-low transition of 
CLK1, when STR(STROBE) is high, or by the high-to-low 
transition of STR, when CLK1 is high. 


When using CLK2, CLK1 must be tied to Vpp to permit the 
STR input to generate the internal latch clock. The 8-bit 
data in the latch determines the divide rate of the program- 
mable up-counter in the device. This rate may range from 
divide-by-one to divide-by-256. 

A low level on the RESET input resets the up-counter, 
predividers, and flip-flops, and forces an initial state into the 
8-bit data latch. This initial state provides a fixed divide rate 
for the device prior to running the system. A high level on 
the RESET input enables the up-counter, predividers, and 
flip-flops and allows programming anew divide rate into the 
device. 


The CDP1863 and CDP1863C are functionally identical. 
They differ in that the CDP1863 has an operating voitage 
range of 4 to 10.5 volts and the CDP1863C hasan operating 
voltage range of 4 to 6.5 volts. Both are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D suffix) and in 
16-lead dual-in-line plastic packages (E suffix). 


0 ELEAR Voc 
CLK 2hge 
CLK | —r OUT 


8-BIT BIDIRECTIONAL DATA BUS 


Fig. 1 — Typical CDP1800-series microprocessor system using the CDP1863 and CDP1863C. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp): 
(Voltage referenced to Vss Terminal) 


CMOS Microprocessors, Memories and Peripherals 


ODP IBC wn sswadiede caste se Pub euen ahd Ga atau nueshes Su baw oa UCAS Sede C AS BN SBE KOSS NAGS SEROMA ROS -0.5to+11V 
COPISOSC. eiceat eit Secew ate wet aye eae aude ear chawe tugs Ree ae ween weet OMe ee See ewe iatwata ena ae wats -0.5to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS i v.cacgn ata ea ules endian nea Gad bad Seen kaon soa ed Oey e byes a ok -0.5 to Voo + 0.5 V 
DCINPUT CURRENT. “ANY ONE INPUT, 9 cteten raga cereccaacc ae eae ag ara Aa eR anes Ba ewe SS Saas eee Cee +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR tars = 40 102 00°C (PACKAGE PPE’ E): ieee. ad cearlienatinn Sie sot a ae S45 ag Ae Oe ONG EN Dee NOG EAGER Be TSR 500 mW 
For Ta = +60 to + 85°C (PACKAGE TYPE E).......... ccc cece ccc cece cee c cc ceccsceeees Derate Linearly at 12 mW/°C to 200 mW 
FOr Ta = =90-10-- 100°C (PACKAGE: TYPE: 9) aycci Ace to reu nae ia ea ga yale Sid dae SE RNa Uae aac ae pea eeTey anaes 500 mW 
For Ta = +100 to + 125°C (PACKAGE TYPE D) ....... ccc cece cece ccc eceeecevecenueeees Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package TY DOS) Os sahed on oa ORS e Ae a aes aes 100 mW 
OPERATING-TEMPERATURE RANGE (T,): 
PACKAGE tee aug ay sare tee bets Saas est eee Surah danand eh aeiire ay acareaith sak waren dee ene Wee as Saree Ghee was -55 to +125°C 
PAG IKAGE TE VEE vate ciee uations. 2p dane nia ad ce eid wa Wye ne Baden a weed wie canes Roatan nacho a a Raw a Rare -40 to + 85°C 
STORAGE TEMPERATURE -RANGE Clea) ntsc so aeccses ee tatend (hos corey ese te ba welaueeutneneoiedewedonaioue cers -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from Case for 10S MAX. .... cece cece ccc cece eee eee eee eeeeeeeeeeeeees + 265°C 


STATIC ELECTRICAL CHARACTERISTICS at T, = —40 to + 85°C, except as noted 


CONDITIONS LIMITS 


c UNITS 
pres [wa [Mn [Tv | Wa 


Lazo. [1500.2 =) 


CHARACTERISTIC 


) 
a] 
= 
eo 
to) 
@ 


Quiescent Device 


— 
Oo 


Vo Vin Vop 
(Vy) | (VY) |) | MIN. | 
p= | 5 | - | 
Current, I Eres Les ol 
Output Low Drive oa | os fs | 16 | 22 [| — | ie [| ae [—_ 
(Sink) Current, lot 0.4 
Output High Drive 
(Source) Current, lon 
Output Voltage "= [os [5 | —_ 
ee 
Prater vex [=—P wa} op Ba 
High-Level, Vor | — | 0,10 | 10 [ 995 | 10 
Input LowVoltags, [osas| — | 6 | — | — 
a 
input High Voltage, [osa5| — | 58 | 35 | — 
Lee eee vw [nsssp [fp 
Sperating ke 


“Typical values are for Ta = 25°C 
tMeasured with CLK1=2 MHz, total divide rate of 8, C. = 50 pF. 
tMeasured with CLK1=4 MHz, total divide rate of 8, C. = 50 pF. 
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OPERATING CONDITIONS at Ta = 25°C Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be selected so that operation is always within 
the following ranges 


CHARACTERISTIC 


Supply-Voltage Range (At Ta = Full 
Package-Temperature Range) 


Input Signal Rise and Fall Time, tr, te 


LIMITS 


Recommended Input Voltage Range 
ae a ee ee ee 


DI DI OI OL ve DI OL a 
| 


0 2 3 5 6 
OOOA®ODYwW® & 


PROGRAMMABLE 
UP- COUNTER 


(14) 


OUT 


Q C 
< aie . 
aes Yoo 


Q 92CM~-31675RI 


OE 


Fig. 2 — Block diagram for the CDP1863 and CDP1863C. 


SIGNAL DESCRIPTIONS 


CLK1, CLK2 

Input clock which is divided-down by the device to provide 
an output frequency. The divide rate of the device is com- 
posed of a fixed predivide, the programmable divider, anda 
divide-by-two output flip-flop which provides a square- 
wave output. CLK1 is pre-divided by four and CLK2 is pre- 
divided by eight. The unused CLOCK input must be tied to 
Vop to avoid interference with the true CLOCK signal. CLK1 
may also be used to latch the eight data inputs. 


OUT 

Square-wave output which is the result of the divided-down 
input CLOCK. The OUTPUT toggles after the program- 
mable up-counter reaches its maximum value and goes to 
zero. OUT is held low when OE is low. 

OE 

A high on this input allows OUT to toggle freely. A low on 
OE holds OUT low. 
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SIGNAL DESCRIPTIONS (Cont'd.) 


D10-D17 

Data inputs for programming the divide rate of the device. 
The divide rates programmed into the device are inversely 
proportional to the output frequencies generated. For ex- 
ample, programming the device with 00:6 causes the pro- 
grammable up-counter to divide by one, providing the max- 
imum output frequency for any given input clock. 
Programming an FFie results in the maximum divide rate 
and the minimum output frequency. To determine the fre- 
quency generated by a given programmed divide rate, 
divide the input clock frequency by the decimal equivalent 
of the programmed divide rate plus one, times the fixed 
predivide which is 8 for CLK1 or 16 or CLK2: 

Input Clock Frequency/{(Programmed Divide Rate + 1)10 
(Fixed Predivide)] 

STR 

Positive pulse used to latch data at the eight inputs into the 
device. This pulse is gated with CLK1 to form the internal 
latch clock. When CLK‘1 is the input clock, the STR input 


must be positive during the high-to-low transition of CLK1. 
When CLKz2 is the input clock, CLK1 must be tied to Vpp so 
that the STR input produces the latch clock. 


RESET 

A low onthe RESET input resets all the stages of the predi- 
viders and the programmable up-counter and sets an initial 
divide rate into the latch. This is to provide a standard initial 
divide rate at the moment the system begins running. Ahigh 
on RESET enables the counter to run freely and allows 
programming a new divide rate. The initial state of the 
up-counter is a divide-by-54 resulting in a total divide rate of 
432, after 1024 clock pulses when using CLK1, and 864, 
after 2048 clock pulses when using CLK2. 


Voo 
Positive supply voltage. 


Vss 
Negative supply voltage; ground. 


APPLICATION 


The programmable frequency generator is directly compat- 
ible with the CDP1802 CMOS microprocessor. In Fig. 1 a 
simple CDP1802 system using this device is shown. TPB 
may be used as the input clock. At typical CDP1802 system 
clock frequencies, using TPB as an input to CLK1 resultsin 
nearly every possible output of the device being inthe audio 
range. The Q output of the CDP1802 may be used as the 
OUTPUT ENABLE (OE) of the device. The eight data inputs 
are connected to the bidirectional data bus which allows the 
system memory to provide divide rate data to the device. A 
single N bit or some decoded output of all the N bits may be 
used as the STR input to latch data into the device. This 
involves designating some output instruction of the 
CDP1802 for providing the STR. The output instruction 
places the data pointed to by the X register on the bus, while 
simultaneously pulsing the appropriate N bits. By the inter- 
nal gating of TPB and STR, when TPB is fed into CLK1, the 
resulting latch clock terminates while the data is still valid 
on the 8-bit bus. If TPB is fed into CLK2, it is necessary to 
_ provide an external AND gate for the appropriate N bits and 
TPB, to preserve this timing feature. The same signal that 
feeds the CLEAR input of the CDP1802 may be used as the 
RESET signal to this device. 


_ AS an example of programming the frequency generator, 


assume a 64 instruction is selected as the output code used 
to program the device. Let machine register E point to the 
data to be latched. N2 is the only N bit pulsed by a 64 
instruction and may be fed directly to the STR input if TPB is 
fed to CLK1. An EE instruction makes RE the X register. 
Following this with a 64 instruction puts the data pointed to 
by RE onto the data bus and raises the N2 bit. TPB, whichis 
within the duration of the N2 pulse, causes the internal latch 
clock to terminate before the data bus loses validity. The 
latch in the device continually passes the data inputs 
through to the outputs of the latch as long as CLK1 and STR 
are high. Once CLK1 goes low, data is locked in. A 7B 
instruction then sets the Q line high which, if connected to 
OE, allows the OUT to toggle at the desired rate. 


Code: 
EE RE is the X register 
64 M(E)—-BUS N2 pulsed high 
7B Q turned on 
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Fig. 3 — General CLOCK 17 timing diagram. 
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92CM- 31677 


Fig. 4 — General CLOCK 2 timing diagram. 
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RESET (CLEAR) | | 
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Fig. 5 — General CDP1800-series microprocessor system timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Von + 5%, CL. = 50 pF 


LIMITS 
CDP1863 CDP1863C UNITS 


CHARACTERISTIC 


| MIN. | TyP.* | MAX. | MIN. | TYP." | MAX. | 
eet 
= 
a) SSS 
ete eS 
eee att a 
pee ee 

0.3 0.5 — 

mecci ie Clockoul | 260 | 375 | — | 260 | 375 

CLR 
ee ae ee ee 


“Typical values are for Ta = 25°C and nominal voltages. . 
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Fig. 6 — Timing diagram for the CDP1863 and CDP18693C. 
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Features: 


non-multiplexed 


| 

2 
3 
4 
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8 
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TOP VIEW Y2C3-30797RI 


TERMINAL DIAGRAM 
CDP1866, CDP1868 


family CPUs 


The RCA-CDP1866, CDP1867, and CDP1868 are CMOS 
4-bit memory latch and decoder circuits intended for usein 
CDP1800 series microprocessor systems. They can inter- 
face directly with the multiplexed address bus of this sys- 
tem at maximum clock frequency, and up to eight 4096-bit 
random-access memories to provide a 4096-byte RAM sys- 
tem. All the necessary chip selects are provided as outputs 
along with additional enable inputs so that in larger memory 
systems, the 9-chip 4096-byte blocks can be readily 
accessed. . 


These devices are also compatible with non-multiplexed 
address bus microprocessors. 


By connecting the clock input to Vpp, the latches are in the 


CDOPI802 
8-BIT CPU 


92CS-34787 


Fig. 1 - CDP1866 used as a high-order address latch decoder. 
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CMOS 4-Bit Latch and Decoder 
Memory Interfaces 


a Performs memory address latch and 
decoder functions multiplexed or 


a Interfaces directly with all CDP1800 


data-following mode and the decoded outputs can be used 
in general-purpose memory-system applications. 


The CDP1866 and CDP 1868 are intended for use with 1024- 
word RAMs and are identical except that in the CDP1868, 
CE1 and CE2 are latched and CS2 is valid on MWR only. 
This allows the CDP1868 to be used in a color display 
system with the CDP1861 and CDP1862 (see Fig. 9). The 
CDP1867 is intended for use with 4096-word RAMs. 


The CDP1866, CDP1867, and CDP1868 are supplied in an 
18-lead hermetic dual-in-line ceramic package (D suffix) 
and an 18-lead plastic package (E suffix). The CDP1866C, 
CDP1867C, and the CDP1868C are available in chip form 
(H suffix). 


| 

2 
3 
4 
5 
6 
7 
8 
9 


TOP VIEW 
92CS-30798R) 


TERMINAL DIAGRAM 
CDP1867 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 


CDPT866: COPR1667COPRIB6G 5 55-250 suas Sub Pit ch Ses hak Teles ak ad Se RIG Ea DEK Re Oe OEP AMIE a ada a Rs -0.5 to11V 
CDP1IS66C “CDP1667C. CDP 1868 Cis Ss is a eh ears RE ER Ged a ens Se ORE IY Aa ee -0.5to7V 
INPUT VOLTAGE RANGE: ALE IINPU TS adssivnh ee a5 RE es See See we WA PR ee NG eo OR RR ae Fae e eae ewes —0.5 to Von + 0.5 V 
DCINPUT ‘CURRENT, ANY ‘ONE INPUT os tiwcactan tks sus iec wee ator ys aks Ce eee eee eee eee ee ere +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
Por de =40410 60°C (PACKAGE: TYREE). 4a hoe eaten eat ous ane a eee eee Oe CE as oe a Ma a aS 500 mW 
Por Ta. =--r60to-+n65°C (PACKAGE: TYPE BE). .or aie oos ep aneas Meets eebeeas ss Derate Linearly at 12 mW/°C to 200 mW 
For [w= =5510+- 100°C (PACKAGE TYPED) s50io0 bes5e5ds cree ieageeacs OT CE RT eee oer Eee eT ee eee OL eee 500 mW 
FOP Tai= 100 10-129" C (PACKAGE TYPED). snsg camer cw did Oa 08 Sp thouned Rows Ree estes Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AIl Package Type@S)......... cece cece cece cree eee eet e ene e eee neees 40 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPED ssid sie Main cst aah tery Oe SERS ARN Ee Cel cEae sd oa a at AERA Ob de ea sds SPSS -55 to +125°C 


PACKAGE: TYPE, Ei satis see cevlneepouse teres Gas eequd dd Ona wh RAW eh ee CREE NE PEA SHRM Daal Maite aes -40 to + 85°C 


STORAGE TEMPERATURE RANGE (Tato) .....--c-cccvececcccccccceccctueeecssessvessnesevccececcsseceeseeeuueeess -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max +265°C 
(7) A8 
MAO (1) | >——D a | >) as ©) 49 
C 
MAI (2) e ae Q | >——{8) a9 WD) Alo 
c 
maz @-—1 > FP = >-—@) &S0 ) all 
og res si is 
Pe cee 
MA3 DO _—_ 
a ; 
a | [ >>I) cs2 
i a ; cs 
CLOCK (7) E> hey Page”, 
MRD (5) d > 
MWR @}-—4 > L 
cs 
ce! © = 
a Yoo = 
CE2 (5) > vss: ©) 
esas Vpp? ® 
CES (4) 4 > gone 3667) Vss7@ 92CS-30970R2 
Fig. 2 - Functional diagram for the CDP1866. Fig. 3 - Functional diagram for the CDP1867. 
mao (1) j>——fo a >—@) a8 
c 
MAI @) e& () Ag 
MA2 (3) > i890 
((2) CSI 
MA3 @) > 
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CLOCK (7) > (© CS3 
MRD G) d > 
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CES . 
: C > 92CS- 30969 


Fig. 4 - Functional diagram for the CDP1868. 
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OPERATING CONDITIONS at Ta = Full Package-Temperature Range. 
For maximum reliability, operating conditions should be selected so that operation is always within the 
following ranges: 


LIMITS 


CHARACTERISTIC CDP1866, CDP1867, ee ae 866C, CDP1867C, UNITS 
CDP1868 ee ae 


DC Operating Voltage Range 
Input Voltage Range 


CONDITIONS 
Quake CDP1867, |CDP1866C, CDP1867C, | UNITS 
Vo Vin Vop Quake 868 CDP1868C 
ie Hd a a Bi a 
Quiescent Device 0,5 5 50 
Current 0,10 i 3 — — 
Output Low Drive 0.4 0,5 1.6 3.2 
(Sink) Current 0.5 0,10 : 
mA 
Output High Drive 4.6 0,5 —1.15 —2.3 =D =2,3 
(Source) Current 9.5 0,10 i =2.0 —5.2 
Output Voltage 0,5 0.1 
Low-Level Voit 0,10 : — V 
Output Voltage 0,5 4.9 — 
High-Level Vont 0,10 i 9.9 
0.5,4.5 ; 
0.5,4.5 


CHARACTERISTIC 


Operating Device 
Current 


Minimum Data 
Retention Voltage 


Data Retention 
Current 


“Typical values are for Ta = 25°C. flo. = lon = 1 pA. 
aOperating current is measured at 200 kHz for Vop = 5 V and 400 kHz for Vpp = 10 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 
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TRUTH TABLES FOR THE CDP1866 AND CDP1868 
INPUTS OUTPUTS 
MRD 
or CS1 
MWR 
O l l l 
| O l ] 
l | O* | 
l ] l O 


-xxxOO00Q00 


O O 
O | 
O O 
O | 
O X 
| X 
X X 
X X 
X X 


*In the CDP1868, CS2 will be valid (CS2=0) only if MRW is low, regardless of the polarity of MRD. 
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<xx<x-—--xKxOdd0d00 


<x << KO-—-- - 


xOxx----- 


| 
| 
| 
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or 
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MAQ 
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IK X4 
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MA8 
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K X4 ADD. BUS 
| 
ai CDP 1825 i 


MA8 
MAQ 


CDP 1825 
IK x4 


MRD 


CDP 1800 
SERIES 
CPU 


BUS 


fi 


ADD. BUS 


__ RAM 
cs 
WE 
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Fig. 5 - 4096-word by 8-bit random-access memory system using the CDP1866. 
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ADDR BUS 
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__CLK OUT 


7.15909 MHz 


ne 
IN 


WAIT | CLK 


ADDR BUS sc} 


| TB 
TPA ne 
N 
| i VIDEO 
eae DISPLAY 
REFRESH ae | Yoo exer) ro abpigel | GENERATOR 
oe CDPIBO2 | [ o9 ve L COPI862C 
| S33 
MRO ini | 
poe DMA 
MWR CLOCK 
EFT 


92CM— 31865 


ADDRESS 
CSO 0000 - O3FF 
csi 0400 - 07 FF 
CS2 0800 - OBFF 
CS3 OCOO - OF FF 


Fig. 6 - Typical color display system using the CDP1868. 


The CDP1868 can be used in acolor display system to write 
to the refresh RAM and the color map RAM at different 
address locations, as shown in Fig. 9. Both the refresh RAM 
and the color map RAM are read from the same address. 
The purpose of reading from the same address is that when 
a byte of data from the refresh RAM is sent to the video 
display controller (CDP1861), an additional 3 bits of color 
information are needed from the color map RAM for the 
color generator (CDP1862). In Fig. 9, the bit display data are 
written into the refresh RAM at O000-O0FF. The color dis- 
play data are written into the color map RAM at locations 
0800-08FF. Both are read at locations 0000-00FF. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to +85°C, Von + 5%, tr, te = 20 ns, 
Vin = 0.7 Vop, Vit = 0.3 Vop, Ci = 100 pF. See Fig. 8 
Vop LIMITS 


CHARACTERISTIC (V) ain] THe 866 CDP1866C UNITS 
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Minimum Setup Time, 
Memory Address to CLOCK, 


Minimum Hold Time, 
Memory Address After CLOCK, toma 9 
im oe heh ear i eaE IER 


Propagation Delay Times: 
Chip Enable to ee 
Chip Select, a 


MRD or MRW to 
Chip Select, 
CLOCK to 

Chip Select, 
CLOCK to Address, 


Memory Address to 
Chip Select, 
Memory Address to 
Address, 


eTypical values are for Ta = 25°C. 
AMaximum limits of minimum characteristics are the values above which all devices function. 


CEI, CE2, CE3 VALID CHIP ENABLES 
! 
it tcecs 
! CECS , ! ofS 


CSO, CSI, CS2, CS3 


(a) CHIP ENABLE TO CHIP SELECT PROP. DELAY 


MRD + MRW* 


|’ tmcs | 1 tMcs 


{ | 


(b) MRD+MRW TO CHIP SELECT PROP, DELAY 


MAO - MA3 X X X X 
| 


t 
| 
| | 
| tMAcL | tcLMA 
t | ' 
CLOCK | | | | | | 
| 1 | | 
toccL > _texes Itmacs 'tmacs 
| — 
! | 
| 
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Fig. 8 - CDP1866 timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to +85°C, Voo + 5%, t,, t: = 20 ns, 
Vin = 0.7 Voo. Vii = 0.3 Vop, on = 100 pF. See Fig. 9 


Voo LIMITS 


CHARACTERISTIC (V) a Te > a CDP1 =] Mae UNITS 


| Min. | Typ.e | 
mope ati gie leis 
Memory Address to CLOCK, tact 10 
Minimum Hold Time, 
[Memory Adare ter CLOCK, tum | 10_| — | 25 a Bs 
Minimum CLOCK Pulse Width pees 
Perce tel -[3te 


Propagation Delay Times: 
Chip Enable to 
Chip Select, 
MRD or MRW to 
Chip Select, 
CLOCK to Address, 


Memory Address to 
Address, 


eTypical values are for Ta = 25°C and nominal Vpp. 
AMaximum limits of minimum characteristics are the values above which all devices function. 


CEI, CE2 
CEs, CE4 
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etl cecs —+ tcecs— 
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(a) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY TIME 


Ea a ee ee 
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xe i | 
cs a MN eins gee ee ee 


(b) MEMORY READ OR WRITE TO CHIP SELECT PROPAGATION DELAY TIME 
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ee | 
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Fig. 9 - CDP1867 timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to +85°C, Von + 5%, t,, t) = 20 ns, 
Vin = 0.7 Vop, Vi = 0.3 Voo, C. = 100 pF. See Fig. 10 


Voo LIMITS 
) UNITS 
Bs ee ee eee 


CHARACTERISTIC 


Minimum Setup Times: 
Chip Enable to 
CLOCK, - 

Memory Address 

‘to CLOCK, 

Minimum Hold Times: 

Chip Enable After 

CLOCK, 


Memory Address After s / Q 
besniieaamres FEI API 
tote 10 


Propagation Delay Times: 
CLOCK to es 175 
Chip Select, teics a 


Chip Enable to — el 
Chip Select, tcecs ea ea el om 


re 
Chip Enable 3 to - ay 225 150 225 
MRD or MRW to i 125 
CLOCK to Address, Fe 125 | 200 125 

os tt ee eietate 
Memory Address to = 200 125 O 
Memory Address to i i B0 


eTypical values are for Ta = 25°C and nominal. 
AMaximum limits of minimum characteristics are the values above which all devices function. 
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t l 1 
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—_ re— CLCL Lt ! t 
aes ok Lee toics —my oe MACS -= fw——o+-' MACS 
€S0, CSI T v ) 
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! Lot Lt 
jt CLA caice jp MAA BG i++ tuacs 
— hae > mt 
pees at eee ae-As ESE) SETS | 
ee 
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SEE TRUTH TABLE FOR MRD+MWR 
+ C52 WILL BE VALID (€S2=0) ONLY IF MRW IS LOW REGARDLESS OF MRD 
SIGNAL POL ARITY. 


Fig. 10 - CDP1868 timing waveforms. 
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Advance Information/ 
Preliminary Data 


Video Interface System (VIS) 


; Features: 
: s DOT frequency=5.67 MHz ® Character generation approach 
: (PAL=5.626 MHz). Easily minimizes memory 
: adaptable for RF (antenna) input e PAL and NTSC compatible 
ig » CPU clock independent (% DOT e Page memory is accessed as 
rate provided) extension of CPU memory during 
# CPU not involved in screen refresh non-display time 
# Non-interlaced ® Composite sync, luminance, and 
® Graphics and motion chrominance outputs 
® Up to 256 different characters a Programmable background color 
®s Character memory may be any @ Hardware scroll capability 
Sar ectin wile wast combination of ROM or RAM # Audio generator (576 selectable 
GENERATOR Programmable for 12/24 rows x tones covering 8 octaves) and 
ecg eevee 20/40 char/row white noise generator 
CDP1869C = 6 x 8 or 6 x 16 char. matrix ® Both tones and white noise can be 
TERMINAL ASSIGNMENT (6 x 9 for PAL) enveloped from 0 to 0.78 Voo in 
16 steps 
The RCA-CDP1869C and CDP1870C video interface system ®# External horizontal and vertical 
is designed for use in CDP 1800-Series Microprocessor sys- sync inputs allow for integration into 
tems. It consists of the CDP1869C address and sound existing chassis for character-on- 
generator and the CDP1870C color video generator. These picture overlays 
two LSI CMOS circuits interface directly with the CDP1802 a Teletext compatible format 
and.CDP1804A microprocessor/microcomputer families. # RGB bond-out option available 


(CDP1876C) 
The VIS offers a variety of formats for the display and 


modification of data under software control, with either 
NTSC or PAL compatible output signals. The display device 
can bea video monitor or astandard TV receiver with an RF PRE DISPLAY 
modulator. Composite sync, luminance, and chrominance 
are combined externally to form a single system-output. 
(With the RGB Bond-Out option [CDP1876C], Red, Green, 
and Blue outputs are provided to drive the CRT color 
amplifiers directly.) External sync inputs are also provided 
to allow picture overlays in existing TV chassis. 


XTAL (DOT) 
XTAL (DOT) 


O2nN NV Bw Nn - 


A sound output provides white noise and eight octaves of 


programmable tones. The output amplitude is variable in 16 uM iReom 
steps from 0 V to 0.78 Vppo. This output is particularly useful PAL CHROM (BLUE) 4 
in video game applications. NTSC CHROM (GREEN)A 
XTAL (CHROM) 
. ‘ . ; : : XTAL (CHROM) 
All are supplied in 40-lead hermetic dual-in-line ceramic EWS 
packages (D suffix) and in 40-lead dual-in-line plastic EVs 


fix). ae 
packages (E suffix) A FOR THE RGB 


TOP VIEW BOND - OUT OPTION 
COLOR VIDEO COP1876 
GENERATOR 


* INTERCHIP CONNECTIONS 
92CS- 32580R! 


CDP1870C, CDP1876C 
TERMINAL ASSIGNMENT 


File Number 1197 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Voo) 
Voltage referenced to Vss Terminal) 


CDP1869C, CDOPIB70C. ‘CDPIS76G sir oid 559 C66 ES OER ORE ORE EEN ENTS 5d BOE RANE PERE Ge TUT R Gis SAS VE Ee -0.5to +7 V 
INPUT VOLTAGE RANGE. ALLINPUTS os tdci es es ee ols ek hee Eee Meg aia pale bee Oe TRG a he ew AS AGNES -0.5 to Von +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 2.0.0... 0. ccc ccc ccc cee nee ee eee eee renee ee ee tee Eee teen EEE EEE REET E EERE EEE ES +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta=-40 to +60°C (PACKAGE TYPE E) .... 0... cece cece eee e ee eee ree eee n eee ene eee e eee ener cesses eee ee eeneees 500 mW 

For Ta=*60 10 485° C (PACKAGE TYPE E) i sc5 ict tei ters ea bie lsee ee chee yee kee iow edewes Derate Linearly at 12 mW/°C to 200 mW 

For Ta=-55 to +100°C (PACKAGE TYPED)... ccc cece ccc tee ce nce been eter e eb cent ence eee a see e tener bea eeeee ree eebareeeune 500 mW 

For Ta=+100 to 125°C (PACKAGE TYPE D)..... cece cece cece terete nen en en en enenes eS ee Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Tas=FULL PACKAGE- TEMPERATURE RANGE (AI Package Types) ....... 00. cece ee cece eee renee eee e teen nnn ennenees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPED t3sc¥cc. Gee deed hEse ay cone ae ek eed er Sa ae ee ae eee a Yee ne eo rae see eee Ae -55 to +125°C 

PACKAGE-TYPE © ecw side rcercsints eared lowe boxe eae re RE OA Su HONE RNE OO Ew PUES Ae EE Ayo ed ae Ra NS ee eA eae ee -40 to +85°C 
STORAGE TEMPERATURE RANGE (Taig). occ ccc cece cece cette nee nsec ee eusave ene neeneserntes essen neers eseeeennenen ~65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. oie cece cee teen nee nent een eben ees +265°C 


CPUCLK(2.835 MHz NTSC, 2.813 MHz PAL) 


PREDISPLAY 


20pF 
XTAL 
(DOT) 
OR ROM COLOR 22M © 5.67 MHz NTSC 
(2) MWS5114 VIDEO : 5.626MHz PAL 
OR on 20 pF 
CDPI869 “Cee 20pF 
ADDRESS 
CHARACTER (CHROM) 
AND SOUND MEMORY = 715909 MHz NTSC 
a 8.867236 MHz PAL 


COPI8O2A, 
CDPI802B, 
CDPIB05A, 
COPI806A. 


TO 
MONITOR 


ANTENNA 


MoDU! [ATOR J age 


Pe feeisisisslelsilsleels.t1s AMPLIFIER SPEAKER 
core”! (4, Sngoononoooco pr ee > 4 
ee : 
92CL-34549 


Fig. 1(a) - System diagram using CDP1869C and CDP1870C (Composite Outputs). 
See Fig. 1(b) using CDP1876C (RGB Bond Option Outputs). 
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RECOMMENDED OPERATING CONDITIONS at T,=25°C Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 
. LIMITS 
Voo CDP1869C 
(V) CDP1870C 


a a eae ae 
) 


5.67 (5.626 PAL 


CHARACTERISTIC 


At?T a=Full 
Package-Temperature Range) 


Input Voltage Range bs cd 


Supply-Voltage Range ( 


Input Signal Rise or Fall Time tr te 


Clock Input Frequency (DOT) for 


STATIC CHARACTERISTICS at T,=-40 to +85°C, Von + 5%, Except as noted po 


CONDITIONS LIMITS 


CDP1869C 
CDP1870C 


CHARACTERISTIC 


UNITS 


(V) (V) (V) 


Quiescent Device Current lop 


nd 
on 


ae 

i 
3 
> 


Output Low Drive 

(Sink) Current 
(Except XTAL) 
XTAL Output 

Output High Drive 


0,5 


oO 
aN 
on 


~] 
Nn 
= 
on 
© 


a 


(Source) Current 
(Except XTAL) 


= © 
op) B 
2 
on 


XTAL Output 4.6 FO) il = 58 <8 UA 
Output Voltage Low-Level Voi V 
22 oe eee 
InputHigh Voltage ms Sf 5,48 | — | 5 | 


3-State Output 


ny 
Leakage Current lout sia 


“Typical values are for Ta=25°C. 
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OPERATION 


The CPU is clock independent of the VIS and is not involved 
in screen refresh, although a CPU clock output (% DOT 
rate) is provided. At this clock rate 787 instructions (1080 for 
PAL) can be executed during non-display time. PRE- 
DISPLAY provides synchronization between the CPU and 
the VIS. Various system configurations for the CDP1869C/ 
CDP1870C VIS are easiy implemented due to: 


PAGE MEMORY 
@ 20 Characters x 12 Lines— 
Requires 240 Bytes of RAM 
ws 40 Characters x 24 Lines— 
Requires 960 Bytes of RAM 


Character Memory—Can be RAM or ROM 
m 32 Different (or any Combination 
of) Characters—Requires 256 
Bytes (NTSC) 
a 64 Different Characters— 
Requires 512 Bytes (NTSC) 
= 128 Different Characters— 
Requires 1024 Bytes (NTSC) 
= 256 Different Characters— 
Requires 2048 Bytes (NTSC) 


Character memory requirements for PAL are the same as 
NTSC in most alphanumeric applications, but are 12.5% 
higher for graphics applications due to the larger character 
matrix (6x9) used for PAL. 


Color 

Color information may be stored in the two extra bits in 
each character byte (characters are only six dots wide), 
providing a choice of up to four colors for each character. 
With 128 different characters, only seven bits are required in 
the page memory and the eighth bit expands the choice of 
colors up to eight. 


Graphics and Motion 

Graphics and motion may be accomplished with two basic 
techniques. The first is by character selection. In this 
approach the desired graphics and motion symbols are 
stored in ROM or RAM. In a system where the character 
memory is all ROM, all the possible required positions 
within a character space are stored in the ROM. Graphics 
are accomplished by selecting the appropriate graphic char- 
acter for each screen position. If the character memory is 
RAM then not all combinations need be stored in the 
character memory since they can be modified as required 
during operation. Motion in increments as small as one 
character space are possible. 


A second technique may be used for more sophisticated 
motion, in which it is desired to move the displayed object in 
increments smaller than a normal character space. In this 
technique the object is moved within a character space 
using a bit-map approach, with object stored in the RAM 
character memory. The object is moved by rewriting the 
dots of the character space matrix, thereby continuously 
repositioning the object within its character space. As the 
object reaches the “edge” of its character space, that 
character space is moved and the object is repositioned. 
For example, if the object reaches the left edge of the 
character space, then that character space is moved to the 
left via the page memory and the object is rewritten on the 
right side of the character space. 


Thus, the object moves smoothly across the screen one 
pixel atatime. Objects larger than one character space may 
also be moved using a similar technique. 


Bit Map Operation 

The VIS may be used to display data in a bit-map format, 
offering a high resolution display (up to 46,080 pixels) with 
up to 7,680 color blocks (8 colors). In this mode, the 
character memory addresses and the page memory ad- 
dresses are used to address a single bit-map memory, 
instead of separate PAGE and CHARACTER memories. X-Y 
coordinates are located by implementing the appropriate 
software. 


RGB Bond-Out Option (CDP1876C)— The CDP1870C may 
be ordered with an alternate pin-out to provide direct drive 
to the internal TV chassis red, green, and blue amplifiers. 
For the CDP1876C, the LUM, PAL CHROM, and NTSC 
CHROM outputs become the RED, BLUE, and GREEN 
outputs, respectively. 


In the RGB mode of operation, the RF, IF, and color 
demodulator circuits of the TV chassis are bypassed and 
the composite sync, video, and color information are 
supplied directly to the appropriate chassis sections. Since 
no color subcarrier is used, the CHROM crystal is not 
needed, although the XTAL CHROM input must be term 
inated (Fig. 1(b)). The CDP1876C, RGB Bond-Out option, 
offers higher color resolution and simpler interfacing than 
the CDP1870C composite interface systems when used 
with direct internal TV chassis systems. 


CPUCLK 
PRE DISPLAY 


DISPLAY 
ADOSTB 


CDBO-5 


> 7] coLor 
FRE 
CHASSIS 


DATA BUS 
SOUND 
92CS-32699 


Fig. 1(b) - System diagram (same as that shown in Fig. 1(a) using 
CDP1876C (RGB Bond-Out Option). 


CDP1869C - Address and Sound Generator—This circuit 
formats and controls sound, page-memory addressing, and 
character-memory addressing. This is accomplished by 
software instructions, data from the CPU, and hardware 
interaction with the CDP1870C timing signals. 
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Control and multiplexing is determined'by four command 
registers in the CDP1869C. A register-based output tech- 
nique is used to transfer information from the CPU to the 
CDP1869C. This method allows 16 bits of data, from any of 
the 16 general-purpose registers of the CPU, to be loaded 
into the CDP1869C command registers with a single |/O 
instruction: 


Data to the command registers are loaded from the 8 
multiplexed address inputs (MA0/8-MA7/15). The high- 
order byte (MA8-MA15) is latched by the high-to-low 
transition of TPA, to provide up to 16 internal data bits. The 
I/O instruction N-Line Codes are latched by the high-to-low 
transition of TPB (Fig. 2). 


OUT 4 Instruction—This instruction uses 15 data bits (MAO- 
MA14) to control the tone output function. (Bit 15is unused, 
but must be programmed.) Bits MAO-MA3 control the tone 
output amplitude using an on-chip binary R/2R ladder 
network to produce a variable output amplitude in 16 steps. 
Bits MA4-MA6 control the tone output frequency range. 
Eight octaves are available (Table 1). Within each range the 
input frequency is divided by the N + 1 value on bits MA8- 
MA14, producing up to 128 different frequencies. This 
frequency is then divided by two in the output flip-flop, 
providing a square-wave signal that is gated on or off by bit 
MA7. A high on MA7 turns the tone output off. If both the 
tone and white noise are turned off, the sound output 
impedance is equal to 2.5R (R = 1 to 2 kQ). 


OUT 5 Instruction—This instruction uses 13 data bits. (Bits 
MA1, MA2, and MA4 are unused and need not be pro- 
grammed). The higher-order byte (MA8-MA15) is used to 
control the white noise output function. Bits MA8-MA11 
control the white noise output amplitude using an on-chip 
binary R/2R ladder network to provide a variable output 
amplitude in 16 steps. Bits MA12-MA14 control the white 
noise output frequency range. Eight ranges are available 
(Table 2). The white noise output is gated on or off by bit 
MA15. The result is an explosion-type sound effect useful in 
TV game systems. A high on MA‘15 turns the white noise 
output off. If both the tone and white noise are on, a 
combined amplitude and frequency output results. 


The lower-order byte of the OUT 5 Instruction (MA0-MA7) 
provides screen format control. The CMEM ACCESS MODE 
Bit (MAQ) is used in conjunction with the OUT 6 Instruction 
to control the character memory READ/WRITE functions. A 
high on MAO enables the character access mode. 


The 9-LINE bit (MA3) is used to select either 8-line or 9-line 
character matrix operation. A low on MAS selects 9-line 
operation, which is normally used with PAL compatible 
signal timing. 


The 16-LINE HI-RES bit (MAS5) is used to define the vertical 
resolution of each character by selective control of the 
CMA3/PMA10 output. Alow on MAS defines each character 
as a 6x8 dot matrix and PMA10 is available to extend the 
page memory addressing. A high on MAS defines each 
character as a 6x16 dot matrix by using CMA3 to extend the 
character memory line addressing. Each of the 16 character 
matrix lines may contain different data. The 16-LINE HI- 
RES bit (MA5) must be low if the DOUBLE-PAGE bit (MA6) 
is high. (During PAL operation, where each character is 
normally a 6x9 dot matrix, the 16-LINE HI-RES mode is not 
available and MA5 should be programmed low). 


The DOUBLE-PAGE bit (MA6) is used to select the function 
of the CMA3/PMA10 output. A low on MA6 selects the 
single-page mode, in which the page memory can be a 


maximum of 960 bytes. In this mode, the CMA3/PMA10 
output is available as CMA3 to expand the character- 
memory addressing if the 16-LINE HI-RES bit is high. A 
high on MA6 selects the double-page mode. 


In which the page-memory can be a maximum of 1920 
bytes. In this mode, the CMA3/PMA10 output is used as 
PMA10 to expand the page-memory addressing (the 16- 
LINE HI-RES bit must be low). 


Various roll and scroll operations (Table 8) are possible as 
described under the OUT 7 Instruction. 


In PAL systems, the double-page function is normally 
useful only for certain text and graphic applications, since 
the CMA3/PMA10 output would have to be used as PMA10 
and would not be available as CMAS to address the ninth 
line in the normal 9-line PAL character matrix. Although 
these double-page display combinations are not shown in 
Table 8 under the PAL formats, they are possible with the 
restriction that character line 0 in the character matrix is 
repeated at character line 8. 


The FRES VERT bit (MA7) controls the full screen vertical 
resolution of the display. A high on MA7 sets the maximum 
resolution to 24 rows of characters. Alow on MA7 sets the 
maximum resolution of 12 rows of characters, with each of 
the 8 adjacent lines within a character displayed twice. 


All valid vertical and horizontal display format combinations 
are shown in Table 8, along with the page and character- 


memory requirements. Fig. 9 shows the relative character 
matrix sizes. 


OUT 6 Instruction—As shown in Fig. 2, the page-memory 
outputs (PMAO-PMA10) and the character-memory outputs 
(CMA0-CMA3) originate from two sources, with four modes 
of operation: 

1. DISPLAY REFRESH MODE—This mode of operation 
provides automatic screen refreshing and has priority 
over the other modes during the display time. The 
internal refresh address counter is incremented on 
each high-to-low transition of ADDSTB, during display 
time, and its outputs are multiplexed via the interna! 
RCAO-RCA3 and RPAO-RPA10 bus to the page and 
character memory outputs (CMA0-CMA3, PMAO- 
PMA10). 

2. PAGE-MEMORY ACCESS MODE—This mode of opera- 
tion is used to read or write data in the page-memory. 
During non-display time, with the CMEM ACCESS 
MODE bit (OUT 5 Instruction) reset (low), the address 
inputs (MA0/8-MA7/15) from CPU are transferred 
directly through the page-memory address register 
and are multiplexed via the internal MAO-MA10/PRAO- 
PRA10 Bus to the page-memory outputs (PMAO- 
PMA10). 


The page-memory functions as an extension of the 
CPU memory in this mode, when it is selected at 
address space F80016-FFFFie, and the OUT 6 Instruction 
isnot required. The PMWR and PMSEL outputs are also 
enabled at this time. As shown in Fig. 1, the PMWR 
output is connected to the WRITE input of the page- 
memory and the PMSEL output is connected to the 
SELECT input of the data bus buffer/separator, which 
prevents CPU bus contention. 

3. CHARACTER-MEMORY ACCESS MODE (WITH DIS- 
PLAY DISTURB)—This mode of operation is used to 
read or write data in the character-memory, when the 
user is not concerned with the possibility of the current 
display data being disturbed. (NOTE: This mode is 
useful only if RAM exists in the entire 1024-byte 
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address space in the SINGLE-PAGE MODE or in the 
entire 2048-byte address space in the DOUBLE- 
PAGE MODE. 


When the CMEM ACCESS MODE bit is set high, the 
address inputs (MA0/8-MA7/15) from the CPU that are 
present during the OUT 5 Instruction are latched in the 
page-memory address register via the internal MAO- 
MA10 bus and are multiplexed to the page-memory 
outputs (PMAO-PMA10), during non-display time. The 
data in the page-memory address register, which 
remains latched until an OUT 6 Instruction is executed 
oruntil the CMEM ACCESS MODE bitis reset, provides 
a stable address to the page memory, which essentially 
reduces it to asingle location. This location is read from 
or written to by selecting the page-memory at address 
space F800,6-FFFFie, with the data supplied over the 
CPU 8-bit data bus. (The actual location within F80016- 
FFFFig is unimportant since the page-memory address 
is already latched.) The OUT 6 Instruction is not 
required in this mode. 


The page-memory data outputs (PMDO-PMD7) provide 
the character-memory “Column” addresses, which 
seiect a particular character. Since the page-memory 
address location is latched, the address inputs (MA0/8- 
MA7/15) from the CPU are available to access the 
character-memory via the internal MAO-3 bus, which is 
multiplexed to the character-memory outputs (CMAO- 
CMAS3) during non-display time. The CMA0-CMA3 
outputs provide the character-memory “Row” ad- 
dresses, which select a particular line of dots within a 
character. The character-memory is selected at address 
space F40016-F7F Fie. Although 1024 bytes of address 
space is decoded, only 8 memory locations (16 locations 
in the 16-LINE HI-RES mode) are required and the 
character-memory addressing will wrap (repeat) for 
the rest of the 1K address space. The CMWR output, 
which is connected to the WRITE input of the character- 
memory, andthe CMSEL output, which is connected to 
the CDP1870C CMSEL input, are also enabled at this 
time. The data to be read from or written to the 
character-memory is multiplexed through the CDP- 
1870C internal 8-bit data bus via the BUSO-BUS7 inputs 
from the CPU. 


This mode of operation is useful to initially load the 
character-set into the RAM character-memory since 
fewer program instructions are required than with the 
following Character-Memory Access Mode. 

4. CHARACTER-MEMORY ACCESS MODE (Without 
Display Disturb)—This mode is used to read or write 
data in the character-memory, without disturbing the 
current display data. Operation is the same as the 
Character-Memory Access Mode (with Display Disturb), 
with the following exceptions. 


After the CMEM ACCESS MODE bit is set high, the 
OUT 6 Instruction is used to load the page-memory 
address register with the address input (MA0/8-MA7/15) 
from the CPU via the internal MAO-MA10 bus. These 11 
data bits (PMAO-PMA10) are multiplexed via the internal 
MAO-MA10/PRAO-PRA10 bus to the page-memory 
outputs (PMAO-PMA10), during non-display time. The 
address remains latched until anew OUT 6 Instruction 
is executed, to latch new data, or until the CMEM 
ACCESS MODE bit is reset. 


This mode provides a means to select a page-memory 
location that is not part of the current display or a 
location that is outside of the display window in the 


page-memory, rather than a random location, as in 
MODE 3 (above). Reading and writing to the character- 
memory remains the same as in MODE 3. 


In both MODE 3 and MODE 4, the character-memory 
access mode is disabled by programming the CMEM 
ACCESS MODE bit low (reset), using the OUT 5 Instruction. 
When accessing the page-memory, if the DOUBLE-PAGE 
bit is not set (low), PMA10 is not used and does not have to 
be programmed. When accessing the character-memory, 
during double-page operation (DOUBLE-PAGE bit set 
high), CMA3 is not used and does not have to be 
programmed. 


OUT 7 Instruction—This instruction uses 9 data bits to load 
the home-address register bits (HMA2-HMA10) via the 
internal MA2-MA10 bus. The home-address register outputs 
(HMA2-HMA10) are transferred to the refresh-address 
counter at the end of each display frame. The home address 
determines which row of characters from the page-memory 
is used to start the display at the top left-hand corner of the 
screen. In the FULL RES HORZ MODE (CDP1870), the 
home address must be an even multiple of 40. In the HALF 
RES HORZ MODE (CDP1870C), the home address must be 
aneven multiple of 20. Therefore, the HMAO and HMA1 bits 
are automatically set low internally and do not have to be 
programmed. 


The OUT 7 Instruction is used to define a display window 
which can be moved through multiple pages of display RAM 
in various roll and scroll operations. As shown in Table 8, 
the total characters displayed per frame can be less than the 
maximum display page-memory size. The OUT 7 Instruction 
is used to display the remaining page-memory up to the 
maximum display page-memory size using a scroll tech- 
nique. 


For example, using line 4 in Table 8, 480 characters will be 
displayed as 24 rows of 20 characters. However, the 
maximum display page-memory size is 960. If the home 
address was initially set to zero, the last row of characters 
on the screen will begin at page-memory location 460. To 
display the next row of characters in the remaining 480 
locations of page memory, an OUT 7 Instruction is executed 
with the home address set at 20(141.6). The last row of 
characters now displayed will begin at location 480, the 
start of the second 480 locations of page-memory. This 
sequence can be continued with successive multiples of 20 
loaded into the home-address register up to the maximum 
display page-memory size minus 20 (940). The display 
window appears to scroll through the page-memory with 
old data shifted off the top of the screen, but retained in 
page-memory, as new data is presented at the bottom of the 
screen. During this sequence when the final page-memory 
address count (as determined by the maximum display 
page-memory size) is reached, prior to the end of the 
display window, zero is loaded into the refresh address 
counter and the next row of characters displayed will be the 
first row in page-memory. Thus, the display will appear to 
have rolled around from the beginning of the page-memory 
to the bottom of the screen. 


The roll operation is automatic when the final page-memory 
address count is reached prior to the end of the display 
window. The scroll operation occurs when the OUT 7 
Instruction is executed, but is automatic in that the display 
window data does not have to be rewritten in the page- 
memory as the display window changes. The home-address 
modes in Table 8 indicate which operations (scroll, roll) are 
possible with each format combination. 
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OPERATION (Cont'd) 


CDP1870 - Color Video Generator 


This circuit formats and controls the TV sync, video, and 
cr «information. It also provides synchronization timing 
to the CDP1869C and the CPU. The character-memory data 
1/O lines are multiplexed through the CDP1870C to the CPU 
8-bit bidirectional data bus. This is accomplished by 
software instructions, data from the CPU, and hardware 
interaction with the CDP1869C timing signals. Control and 
multiplexing is determined by a single internal command 
register, which is loaded by a CPU I/O instruction. Data to 
the command register are loaded from the 8-bit bidirectional 
data bus, which is latched by the high-to-low transition of 
TPB when the MRD and the N=3 inputs are at a logic 0 (Fig. 
3). 


OUT 3 Instruction—This instruction uses 8 data bits to 
control the internal format and timing functions. The BKG 
GREEN, BKG BLUE, BKG RED bits (BUSO-BUS2) providea 
binary selection of eight screen background colors, as 
shown in Table 5. The CFC bit (BUS 3) selects the color 
format control function (Table 4). When the CFC bit is low, 
the background luminance and chrominance are selected 
by the BKG GREEN, BKG BLUE, and BKG RED control bits. 
The dot chrominance and luminance are selected by the 
CCBO, CCB1, and PCB inputs. Operation is the same when 
the CFC bit is high, except that the dot chrominance is now 
selected by the BKG GREEN, BKG BLUE, and BKG RED 
control bits to provide a tone-on-tone color display. The 
DISP OFF bit (BUS 4) is used to turn the screen display off. 
When the DISP-OFF bit is high, the PAL CHROM, NTSC 
CHROM, and_LUM outputs are held at_the background 
colorand the ADDSTB, PREDISPLAY, and DISPLAY outputs 
are held at a_high level. However, the COMP-SYNC, 
HSYNG, and CPUCLK outputs continue to supply synchron- 
ization timing. This display-off condition allows the CPU to 
access the VIS, page memory, and character memory 
asynchronously. Any change in this bit is only recognized 
at the end of the frame. The COLBO and COLB1 bits (BUSS, 
BUS 6) provide a binary selection of 3 character-color 
control modes, as shown in Table 3. These 3 modes control 
which color bit inputs (CCB0, CCB1, PCB) select a particular 
character color (Table 5). The FRES HORZ bit (BUS 7) 
controls the full screen horizontal resolution of the display. 
A high on BUS 7 sets the maximum resolution to 40 


characters per row. The 6 dots per character are shifted out 
of the CDP1870C parallel/serial shift register to the screen 
at the dot-clock rate (Fig. 4(a)). The MSB is shifted out first 
(CDB5=MSB). Alow on BUS 7 sets the maximum resolution 
to 20 characters per row. The 6 dots per character are 
shifted out to the screen at ‘2 the dot-clock rate, thereby, 
doubling the dot width. All valid display format combinations 
are shown in Table 8. 


The CDP1870C uses two separate input frequencies. On- 
chip oscillators are provided, requiring only external crystal 
circuits. One oscillator circuit provides the dot-clock 
frequency, from which SYNC and ADDSTB timing is 
derived. The DOT frequency, divided by two, provides a 
CPU CLK output. The other oscillator circuit provides the 
color reference and chrominance frequencies. The NTSC 
CHROM, PALCHROM, and LUM outputs include on-chip 
summing resistors to reduce the external components 
required. The outputs are connected to the COMPSYNC 
output to provide a single video signal, which may be used 
to drive a video monitor directly or a standard TV receiver 
through an RF modulator circuit. 


(With the RGB Bond-Out option, CDP1876C, the color 
crystal is not used and the LUM, NTSC CHROM, and PAL 
CHROM become the RED, BLUE, and Snel outputs, 
respectively.) 


The EVS and EHS inputs may be used to sync the VIS from 
an existing TV chassis to provide picture overlay and 
teletext operations. When the VIS is used in this mode of 
operation, the DOT XTAL is replaced with a simple external 
LC oscillator circuit that is gated on with the EHS signal. 


The VIS does not provide for an external system reset. All 
command and format instructions must be executed before 
proper operation is initiated. Command and format inform- 
ation may be changed at any time (asynchronous) with 
respect to screen refresh, although certain format changes 
will not be executed until the end of a display frame. The 
CDP1869C and CDP1870C, CDP1876C command registers 
are write-only registers and may not be read by CPU. 


The page and character memory READ/WRITE operations 
may only be performed during non-display time, with the 
PREDISPLAY or DISPLAY outputs used to provide syn- 
chronization between the CPU and the VIS. 
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Fig. 3 - CDP1870C and CDP1876C block diagram. 
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FUNCTIONAL DESCRIPTION OF 
CDP1869C TERMINALS 


TPA (Input): 

An active high pulse from the CPU that occurs once in each 
machine cycle. The trailing edge of TPA is used to latch the 
higher-order byte of the 16-bit memory address. TPA is also 
one of the frequency generator input clocks. 


TPB (Input): 

Anactive high pulse from the CPU that occurs once in each 
machine cycle, following TPA. It is used to latch the various 
internalcommand registers. TPB is also one of the frequency 
generator input clocks. 


MRD (Input): 

An active low pulse from the CPU, indicating amemory read 
cycle. It is used to provide various latch and control 
functions. 


MWR (Input): 

An active low pulse from the CPU, appearing in a memory 
write cycle after the address lines have stabilized. It is used 
to gate various latch and control functions. 


MA0/8-MA7/15 (inputs): 

The 8 memory address lines. The higher-order byte of a 
16-bit CDP1802 or CDP1804 memory address appears on 
the memory address lines MAO-MA7 first, and is latched by 
the high-to-low transition of TPA. These 8 lines serve a dual 
purpose. They can be used to provide direct address 
information to the page or character memories or they can 
be used to provide data to the command registers. 


NO to N2 (Inputs): 

These lines are used to issue command codes during an I/O 
instruction from the CPU. Their state is the same as the 
corresponding bits in the CPU N register. The three N bits 
are internally decoded with MRD to provide various latch 
and control functions. 


HSYNC (Input): 

Active low horizontal sync signal from the CDP1870C. This 
signal provides synchronization between the CDP1869C 
and the CDP1870C timing signals. 


DISPLAY (input): 

Active low signal from the CDP1870C that indicates that a 
screen refresh is in progress. This signal provides syn- 
chronization between the CDP1869C and the CDP1870C 
timing signals. 


ADDSTB (Input): 

Active low pulses from the CDP1870C that provide page 
andcharacter-memory address clock timing. ADDSTB=DOT 
clock + 6 (40-character display). ADDSTB=DOT clock + 12 
(20-character display). Only 40 or 20 pulses are generated 
per horizontal line, and no pulses occur during non-display 
time. 


SOUND (Output): 

This output provides two types of frequency signals that 
can be selected either individually or in combination. The 
first type provides single-frequency tones in 8 selectable 
ranges, with 128 different tones in each range (Table 1). The 
second type provides a white-noise output in 8 selectable 
ranges, with the white noise consisting of all 128 tones of 
each range (Table 2). Both tone and white-noise outputs 
are programmable from 0 volts to 0.78 Voo in 16 steps. 


Vss: 

Ground 

N=3 (Output): 

Active low output from the internally decoded N bits that is 


normally connected to the CDP1870C. It is used to select 
the CDP1870C command register. 


CMA0-CMA2—CHARACTER-MEMORY 

ADDRESS (Outputs): 

The character-memory address outputs. These three outputs 
function as character-line selects. During a screen refresh 
the address data are provided by aninternal counter, which 
is controlled by HSYNC, to provide character information in 
one of eight formats (Fig. 9). During non-refresh periods the 
address data are provided by the MAO-MA2 inputs as an 
extension of the CPU memory. 


CMA3/PMA10 (Output): 

This output signal serves a dual purpose. In the 16-LINE 
HI-RES character mode (command bit 5=1) this output 
represents CMAQ and its function is identical to the CMAO- 
CMA2 outputs. In the 9-LINE mode (command bit 3=0), this 
signal represents CMA3 in both the low-and-high-resolution 
modes (command bit 5=0 or 1), and is used to select the 
ninth line of the character matrix. in the double-page mode 
(command bit 6=1), this output represents PMA10 and its 
function is identical to the PMAO-PMAQ outputs. 


PMA0-PMA9—PAGE-MEMORY 

ADDRESS (Outputs): 

These ten page-memory address outputs access the page- 
memory data (PMDO-6), 7 bits of which are used to address © 
the character memory. The spare bit (PCB) may be used to 
expand the color information. During a screen refresh the 
address data are provided by an internal counter, which is 
controlled by ADDSTB to provide page-memory information 
in one of four formats (Table 8). During non-refresh periods 
the address data are provided by the MA0/8-MA9/15 inputs 
as an extension of the CPU memory. 


CMWR—CHARACTER-MEMORY WRITE 

(Output): 

CMWR is an active low output signal that is connected to 
the WRITE input of the character memory. This output 
provides a delayed MWR pulse during non-display periods, 
when the character memory is selected by the MA10-MA15 
inputs (F400-F7FF). 


CMSEL—CHARACTER-MEMORY 

SELECT (Output): 

CMSEL is an active high output signal that is connected to 
the CDP1870C CMSEL input. This output provides a delayed 
positive pulse during non-display periods, when the char- 
acter memory Is selected by the MA10-MA15 inputs (F400- 
F7FF) and MRD or MWR is low. 


PMWR—PAGE-MEMORY 

WRITE (Output): 

PMWR is an active low output signal that is connected to the 
WRITE input of the page memory. This output provides a 
delayed MWR pulse during non-display periods, when the 
page memory is selected by the MA11-MA15 inputs 
(F800FFFF). 


PMSEL—PAGE-MEMORY 

SELECT (Output): 

PMSEL is an active high output signal that is connected to 
an external bus separator. This output provides a delayed 
positive chip-enable pulse during non-display periods, 
when the page memory is selected by the MA11-MA15 
inputs (F800-FFFF) and MRD or MWR is low. 


Vop 
Positive supply voltage.. 
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PREDISPLAY (Output): 

An output signal that goes low one horizontal line before 
the start of the display field. This output may be connected 
to the CPU to provide advance warning of a refresh 
operation. 


DISPLAY (Output): 

An output signal that is low during the display field. This 
signal is connected to the CDP1869C to provide synchroni- 
zation timing during a screen refresh. 


PCB—PAGE-MEMORY 

COLOR BIT (Input): 

The page-memory color bit expands the character color 
information to 3 bits (8 colors, Table 3). It may also be used 
to expand the character-memory addressing when only 4 
dot colors are required. 


CCB0, CCB1—CHARACTER-MEMORY 

COLOR BITS (I/O): 

The character-memory color bit inputs provide character 
color data. These two inputs select one of four colors (Table 
3). When the CMSEL input is high during non-display 
periods, CCBO and CCB1 are multiplexed to the CPU data 
bus (BUS 6, BUS 7) to provide character memory 
READ/WRITE data. 


CDB0-CDB5—CHARACTER-MEMORY 

DATA BITS (I/O): 

The character-memory data bit inputs provide character 
data during screen refresh periods. When the CMSEL input 
is high during non-display periods, CDBO-CDB5 are 
multiplexed to the CPU data bus (BUSO-BUSS) to provide 
character memory READ/WRITE data. 


BUS 0-BUS 7 (1/0): 

The 8-bit bidirectional data bus that is normally connected 
directly to the CPU. During non-display periods, these I/O 
lines serve a dual function. If the CMSEL inputis high, BUS 
0-BUS 7 provide character-memory READ/WRITE data. If 
the N=3 input (OUT 3 instruction) is low, BUS 0-BUS 7 
provide input data to the CDP1870C command register. 
These data are latched on the high-to-low transition of TPB 
when MRD is low. 


Vss: 
Ground. 


N=3 (Input): 

An input signal from the CDP1869C that is low during an 
OUT 3 instruction from the CPU. This input is used to sel- 
ect the CDP1870C command register. 


EVS, EHS—EXTERNAL VERTICAL 

SIGNAL, EXTERNAL HORIZONTAL 

SIGNAL (Inputs): 

The active low external vertical and horizontal sync signals 
synchronize the VIS to an external system. When not used, 
these inputs must be connected high. 


XTAL (Input), XTAL (Output)—CHROM 

COLOR CHROMINANCE CRYSTAL 

The color chrominance crystal inputs are normally con- 
nected to a 7.15909-MHz crystal (NTSC) or an 8.867236- 
MHz crystal (PAL) to provide a burst and color data input 
clock. The XTAL input may be connected to an external 
generator. (With the RGB Bond-Out option, CDP1876C, the 
chrominance crystal is not required although the XTAL 
input must be terminated.) 


NTSC CHROM (Output): 

The United States National Television System Committee 
(NTSC), standard color video output signal. This output 
provides a composite signal containing chrominance 
information and 11 cycles of the color reference signal. 
(With the RGB Bond-Out option, CDP1876C, this output 
provides the GREEN drive.) 


PAL CHROM (Output): 

The European Phase Alternation Line (PAL), standard color 
video output signal. This output provides a composite 
signal containing chrominance information and 14 cycles 
of the color reference signal. (With the RGB Bond-Out 
option, CDP1876C, this output provides the BLUE drive.) 


LUM—LUMINANCE (Output): 

The luminance output signal provides video dot brightness 
information, (With the RGB Bond-Out option, CDP1876C, 
this output provides the RED drive.) 


COMPSYNC (Output): 
The composite TV synchronization signal provides active 
low pulses at the line (horizontal) and frame (vertical) rates. 


HSYNC (Output): 

The horizontal synchronization signal provides an active 
low pulse at the TV line rate. It is connected to the 
CDP1869C to control timing synchronization. 


BURST (Output): 

This output provides an active high pulse following the 
horizontal sync pulse. Itindicates when the color reference 
signalis being output, however, itis not required for normal 
operation. 


CMSEL—CHARACTER-MEMORY 

SELECT (Input): 

The character-memory select input, from the CDP1869C, 
indicates a character-memory READ/WRITE operation. 
When CMSEL is high, the 8-bit bidirectional data bus from 
the CPU is multiplexed to the CCBO, CCB1, and CDBO- 
CDB5 |/O lines to provide character-memory data. This 
input is active only during non-display periods. 

TPB (Input): 

An active high pulse from the CPU that occurs once in each 
machine cycle, following the TPA pulse. This input pulse is 
used to latch the CDP1870C command register data on the 
high-to-low transition, when the N=3 and MRD inputs are 
low. 


MRD—MEMORY READ (Input): 

An active low pulse from the CPU indicating a memory 
READ cycle. This signal enables the command register 
clock and selects the direction of data flow in the data bus 
multiplexer. When this signal is low, a CPU READ operation 
is in progress. 


ADDSTB—MEMORY ADDRESS 

STROBE (Output): 

The ADDSTB output signal is connected to the CDP1869C 
to provide the page and character-memory address counter 
clock during display time. 


XTAL (input), XTAL (Output)— DOT 

CRYSTAL: 

The dot crystal inputs are normally connected to a 5.67- 
MHz crystal (NTSC) or a 5.626-MHz crystal (PAL) that is 
used to provide horizontal, vertical, and control timing. The 
XTAL input may be connected to an external generator. 


CPUCLK—CLOCK (Output): 

A clock output equal to % the DOT frequency. It may be 
connected to the CPU CLOCK input terminal. At this 
frequency, 2947 instructions per frame are available, with 
787 instructions occurring during the non-display period. 


PAL/NTSC (Input): 

This input selects either PAL or NTSC operation. When the 
PAL/NTSC input is high, the VIS provides PAL compatible 
output signals. When the PAL/NTSC input is low, the VIS 
provides NTSC compatible output signals. 


Vop: 
Positive supply voltage. 
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TABLE 1 TONE RANGE SELECT 
TONE TONE TONE INPUT 
FREQ FREQ FREQ FREQUENCY 
SEL2 SEL1 SELO (kHz) 
0 0 0 5.5371093 
11.074218 


22.148437 
44.296875 
88.593750 
177.18750 
354.37500 
708.75000 


“CPUCLK = 2.835 MHz 
pABte 2 wane Nese FAnee SELECT 
TOP-OF-RANGE 
aes eG eres FREQUENCY 
SEL2 SEL1 SELO (kHz) 
0.69213867 
1.3842773 
2.7685546 
5.5371093 
11.074218 
22.148437 
44.296875 
88.593750 


*CPUCLK = 2.835 MHz 
TABLE 3 CHARACTER COLOR CONTROL 


TABLE 4 COLOR FORMAT CONTROL 


CHR LUM CHR LUM 


BKG BKG CCBO/CCB1} CCBO/CCB1 
R,B,G R,B,G PCB PCB 
BKG BKG BKG CCBO/CCB1 
R,B,G R,B,G, R,B,G PCB 
TABLE 5 COLOR SELECT 
CHAR OR BKG 
COLOR DATA BITS 


% OF MAX 
LUMINANCE 


OUTPUT 
COLOR 


0 0 BLACK 
0 : 1 GREEN 
0 1 0 BLUE 
0 1 1 CYAN 

1 0 0 RED 

1 0 1 YELLOW 
1 1 0 MAGENTA 
1 1 1 WHITE 
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176-4 ns(NTSC) 
177-8 ns ( PAL) 


oot crock JLUELFLI UU LULU LL LL LL 
DoT cLock+6* | | | j | 
DOT CLOCK + 12** r | | | 


*DOT CLOCK =6 IS ADDSTB FOR FULL HORIZONTAL RESOLUTION DISPLAY 
*XDOT CLOCK +12 1S ADDSTB FOR HALF HORIZONTAL RESOLUTION DISPLAY 


Fig. 4(a) - ADDSTB timing diagram. 
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92CM-31912RI 
Fig. 4(b) - Horizontal timing diagram. 
H SYNC COUNT 2542 12 32 52 72 92 I2 132 «#152 172 192 212 232 252010 30 50 70 
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Fig. 4(c) - Vertical timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T,=-40° to 85°C, C.=50 pF 
Voo + 5%, Except as noted 


LIMITS 


CDP1 hrs 
Voo CDP1870C, CDP1876C 


(Vv) | Min. | Typ.* | Max. | 
CPU Interface LW Is See Fig. 5 


[Address Set-up TimeFromTPA ts S| | | 80 
[Address Hold TimeFromTPA tw | 8 
[Page Memory Address Delay From TPA tow || | 880_ 

ell se0| 


Character Memory Address Delay From TPA tcmo 5 | 


[Page Memory Select DelayFromTPA tes | S| | 820 
| 5 | — | 360 | 


Character Memory Select Delay From TPA 5 


CHARACTERISTIC UNITS 


ns 


Page Memory Write 
Delay From MWR 


Character Memory Write 
Delay From MWR 


MAO-MA7 Set-up Time From TPB 


*Typical values are for Ta=25°C and nominal Von. 


TPA 


su,'H 

Sy 

MAO -MA7 
' | 
| temp ! 

PMAO- PMAIO 
| top | 

CMAO-CMA3 


| | 

aa tewa. er) rt 

Sa OE ee 
a tow —| ona 


92CM-34551 


Fig. 5 - CPU interface timing waveforms. 
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LIMITS 


CDP1869C 
CHARACTERISTIC CDP1870C, CDP1876C UNITS 


| Min. | Typ.* | Max. _| 
Refresh Memory Timing - See Fig. 6 


ADDSTB Delay Time From DOT Clock taso ae eee 
Page Memory Address Delay From ADDSTB temo ae eas ee ns 
Character Data and Color Bits Set-up Time tos Fos | — | 250 | 


*Typical values are for Ta=25°C and nominal Vop. 


DOT CLOCK 


; CDPI870 
ASD Das LATCH 


ADDSTB 


PMAO-PMAIO 


CdO-CD5 
cco-ccl 


* AVAILABLE PAGE AND CHARACTER MEMORY ACCESS TIME 
FULL HORZ RESOLUTION=(DOT CLK x 6)-temp-tos 
HALF HORZ RESOLUTION=(DOT CLK x 12)-temo-tos 
TYPICAL AVAILABLE ACCESS TIME (NTSC, 5 V): 
(176.4 x 6)-300-250=508.4 ns (FULL RES.) 
(176.4 x 12)-300-250=1.117 us (HALF RES.) 


92CM- 35918 


Fig. 6 - Refresh memory timing waveforms. 
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COLOR BURST 
BKG 
VIDEO 


HORIZONTAL SYNC 


92CM- 31941 
Fig. 7 - Horizontal sync timing (see Table 6). 


TABLE 6 HORIZONTAL TIMING STANDARDS 


NTSC 
DIAGRAM STANDARD | 5.67 MHz XTAL | STANDARD | 5.626 MHz XTAL 


pA NAT 37s TNA 


| 4 Bus 
ae eee ee ae 
ae ee ee ee 
4.45-5.08 us 4.23 ys 4.7 us 4,27 us 


0.045H-0.55H 3.174 us 3.199,s 
8-11 CYCLES 11 CYCLES 11 CYCLES 14 CYCLES 
3.58 MHz 3.58 MHz 4.433 MHz 4.433 MHz 


0.02H MIN 
1.27 us MIN 1.41 us 2.07us 1.07 us 


[NA | 6s | NA | 498 ys | 


0.006H 
0.381 us 0.352 ys 0.70 us 0.355 us 
15,750 Hz 


(B&W) 15,750 Hz 15,625 Hz 15,628 Hz 


H = 63.5 us NA = NOT APPLICABLE 


15,734.264 Hz 
(COLOR) 


HORIZONTAL 
FREQUENCY 


92CM-31940 


Fig. 8 - Vertical sync timing (see Table 7). 


TABLE 7 VERTICAL TIMING STANDARDS 


NTSC 
NTSC PAL 
DIAGRAM STANDARD STANDARD 
NA 


PAL 
vis 
5.626 MHz XTAL 


VIS 
5.67 MHz XTAL 


pA NAH Mat 
Pee 
ee | RE ee ae ae ee ee eee 
| 
a ey | a | ee ee: eee ee (ee 1H 

F ( ae Tee NS); (OO (-): = 
a 
peaea | 


59.94 Hz 
(COLOR) 
60 Hz (B&W) 


VERTICAL 
FREQUENCY 


* = NO BKG VIDEO, NO BURST NA = NOT APPLICABLE 
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Table 8 
DISPLAY FORMAT COMBINATIONS (FULL COLOR SYSTEM) 


COMMAND DATA i | 
CHAR 


DISPLAY 
MATRIX 


NOTE: ALL OTHER COMMAND COMBINATIONS ARE INVALID AND WILL RESULT IN IMPROPER DISPLAY OPERATION. 
"NTSC Format **PAL Format. ®=7 BITS FOR CHARACTER ADDRESS DATA, 1 BIT FOR COLOR DATA 
Table 9 


CDP1869 COMMAND REGISTER CODES 


TmUCTION [ats [ave | wats |marz [wart [wate | mas | was 
INSTRUCTION 


TONE | TONE | TONE | TONE | TONE | TONE TONE 
Pe GEE 
2 2" 
mre an WN WN WN 
OUT 5 OFF FREQ | FREQ | FREQ AMP ae a eu 
ruee rE SELO 2? 2" 
PMA10| PMA9 ye 
eae 
HMA10} HMAQ | HMA8 
St EEE EE 
X=DON’T CARE 
*= MUST BE PROGRAMMED LOW 


**: ALWAYS SET LOW INTERNALLY 
***= MUST BE PROGRAMMED LOW DURING 9-LINE OPERATION 
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DISPLAY/MEMORY COMBINATIONS 
MAX. DISPLAY | MAX. DISPLAY HOME 
PAGE MEM. CHAR. MEM. ADDRESS COMMENTS 
SIZE® SIZE8 


MODE 


240 x 8 128x8x8 4 ROLL REPEATS EACH LINE AND COL 
TWICE* 


240 x 8 128 x 16x 8 REPEATS EACH LINE AND COL 
SCROLL TWICE,* 
ROLL 
16 DIFFERENT LINES/CHARACTER 


1200 x 8 128x8x8 REPEATS EACH LINE AND COL 


TWICE* 


SCROLL 
ROLL 


960 x 8 2 SCROLL | REPEATS EACH COL TWICE” 
= tee. 
960 x 8 128x 16x 8 SCROLL | REPEATS EACH COL TWICE* 
eer a | 16 DIFFERENT LINES/CHARACTER 
1920 x 8 128x8x8 SCROLL | REPEATS EACH COL TWICE” 
Law ea 
128 x 16x 8 ROLL REPEATS EACH LINE TWICE” 
keel Ail Baa 16 DIFFERENT LINES/CHARACTER 
ROLL 


HIGHEST RESOLUTION" 
5 SCROLL | HIGHEST RESOLUTION,” 
a ROLL 16 DIFFERENT LINES/CHARACTER 
1920 x 8 128x8x8 1 SCROLL | HIGHEST RESOLUTION” 
heent AE Gel 
128x9x8 4 ROLL REPEATS EACH LINE AND COL 
ROLL 


960 x 8 128x9x8 ROLL HIGHEST RESOLUTION** 


8=6 BITS FOR CHARACTER DATA, 2 BITS FOR COLOR DATA °SEE FIG. 9. 


FREQ | FREQ | FREQ | AMP | AMP | AMP ae 
SEL2 SEL1 | SELO ° 2? 2" 

FRES | DOUBLE |16 LINE a 

X |9-LINE} xX ) x [access 

MODE 

REG REG REG | REG | REG | REG | REG REG 
REG REG REG | REG | REG | REG 
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<——— COLUMN NUMBER ———} 
012345 0123456789010 012345 012345678 9)HII 


NOUNPUpw—O 


PAL ONLY —8 ini 
ve (Eee! 


VN-DODVNOUDVUN—O 


ie 3 Pa ae] 
toe i 4 _— | 
Lae pees a ee 5 : 
i; —e cae ae J] iT TLrrteT ars eee) : 
_ iti Ty . 
a El Cee SIZE NUMBER 
(SEE TABLE 8 ) 


————-_ LINE NUMBER 


17 


92CL-31908R2 


Fig. 9 - Character display matrix size. 


Table 10 
CDP1870C COMMAND REGISTER CODE 


CPU I/O 
INSTRUCTION|| BUS 7 
FRES DISP BKG | BKG 
B F 


BKG 
GREEN 
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COL. 
012345 


(@) 

were dC EACH CHARACTER IS 

ws A 6X8 DOT MATRIX (NTSC) 
em OR A 6x9 DOT MATRIX (PAL) 
(o2) 

a | 

© «a— PAL ONLY 


—= 40 CHARACTERS —> 


4ANNOD 


wean ‘ZIGOH 
) 


(Vwd-€b) SE 
(WWd-vb) 9¢ 


— 


AV 1dSIG 


—————— 


AV 1dSI03uNd 
4¢ DNAS “W9ILYBA 


re) 

S$ 1a 

~~ Ws | 8 

A ' 

c [pe 

[oor crs de cs 8s 

| 

D 1 No 
| B 
| | om 
| % 2 
I HORIZONTAL SYNC ~ 
10 50 a) 
1 4 { E 

BURST 


* HORIZONTAL AND VERTICAL SYNC ARE COMBINED TO FORM COMPSYNC 


& DOT CLK+6 92CM - 31I909R2 


Fig. 10 - 40 x 24-character display. 
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Advance Information/ 


CDP1871A, CDP1871AC 


Features: 


t 
2 
3 
4 
5 
6 
7 
8 


microprocessors 


w 3-State outputs 


contact switches) 


TOP VIEW 
92CS- 32527 


(CDP1871AC) 


Terminal Assignment mw N-key lockout 


The RCA-CDP1871A is a keyboard encoder designed to 
directly interface between a CDP1800-series microproces- 
sor and a mechanical keyboard array, providing up to 53 
ASCII coded keys and 32 HEX coded keys, as shown in the 
system diagram (Fig. 1). 


The keyboard may consist of simple single-pole single- 
throw (SPST) mechanical switches. Inputs are provided for 
alpha-lock, control, and shift functions, allowing 160 
unique codes. An external R-C input is available for user- 
selectable debounce times. The N-key lock-out feature pre- 


Preliminary Data 


CMOS Keyboard Encoder 


m Directly interfaces with CDP1800-series 
mw Low power dissipation 


mw Scans and generates code for 53 key ASCI/ 
keyboard plus 32 HEX keys (SPST mechanical 


a Shift, control, and alpha lock inputs 
= RC-controlled debounce circuitry 
m Single 4 to 10.5 V supply (CDP1871A); 4 to 6.5 V 


vents unwanted key codes if two or more keys are pressed 
simultaneously. 


The CDP1871A and CDP1871AC are functionally identical. 
They differ in that the CDP1871A has a recommended oper- 
ating voltage range of 4 to 10.5 volts, and the CDP1871AC 
has a recommended operating voltage range of 4 to 6.5 
volts. These types are supplied in 40-lead dual-in-line 
ceramic packages (D suffix), and 40-lead dual-in-line plas- 
tic packages (E suffix). 


Voo 


J | OOK 


OlpF 


b 
(o) 
i 


36 
DEBOUNCE 


csi, DI 
23 | 
| 
UP TOI! SETS 
OF 8 SWITCHES EACH 
! 
i 


CDPI87IA 
CDPI8BOO— SERIES 

CPU 3 
Bay 


On SHIFT 


ae Bt ae F y | t 
12 
ste 38] contRoL S| 
ee ac a Ce a 
$3 aes ‘ 
ALPHA LOCK $4 
oral create Cs i 
ALPHA s6 He ae 
ro (eee 
BUSO - BUS7 S8 


[Norman 


BUO-BUS7 


25 32 92CL- 35005 


8- BIT DATA BUS 


Fig. 1 — Typical CDP1800-series microprocessor system using the CDP1871A. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp): 
(All voltage values referenced to Vss terminal) 


CUP IST AAs these tee het oil a Bee eladnn area rele oa eras Bnew Rena A ema 8 Seiwa aie ae eee aie an GES a eee eRe -0.5to-11¥V 

CPU AC alone ce hin ix i Saeee has Bier ce ed actin alfa easel eR cda te nd Id ahi Seats cg date nDye eae Gash Sd tilacianthe? Raa Mbah tae ea RA KY5 to 7 V 
INPUT VOETAGE RANGECALLUINPRITS: vs sat ac tee wo a eer eel Reka PL EN dan Mlb Fa dees eee oR VORES OAR OE USE SRO UE SS -0.5 to Von ~0.5 V 
DC INPUT CURRENT. ANY ONE UNPUT ajcath tiki ur axtopan we wetteae uals hag Pee iwc hark a GMCs Wie moa ara elie adn ont «las Sel taeda wg 2 -10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

PO La =--4010 +60 CAPAGKAGE TYPE Ey ceased hike eraa yd yh agenesis on Meine eS Cres ae Rael he en eee aha eeds 500 mW 

FOr la 60 10-85" (PACKAGE TY PEE). oastrcoang4 kee cen tates iat beeade eased eases Derate Linearly at 12 mW/*C to 200 mW 

FOr la = -5010' + 100. {PACKAGE TYPED scot tare ned stave hee Ree ae hata at Aa en Dad pa bd oe ee eS 500 mW 

FOr in (00 tO 125" (PACKAGE TYPED) es sunttuy ance Sheth wee sg ord etheeee eas Derate Linearly at 12 mW/*C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR: Ta=FULL PACKAGE- TEMPERATURE RANG Ess sec voaisnecaiu heeed sea enieGueeeas Pio keNina pda Ee reed Spe NS OHSS 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE Dicta piude wa tidase our cehwe ee un oS Bo Oe betes ee atd Ss oe wad iopae Sew Ge Se RRL A lay tnd eased aan 250: 107s 120°C 

PACKAGE IVPE. © 7cccinenre ein acedeenimreninasS Reems tte te peso hindied tinea ewes iin Lisl ated Veber as Gand «ens -~40 to ~ 85°C 
STORAGE TEMPERATURE RANGE-Cia) cat otet ccna ble wey ace kak a ented ae ian o@ies Sa ee yada Mba NG Bee =bo to 1905C 


LEAD TEMPERATURE (DURING SOLDERING): 
At-alstance-i/16s1/S2-inch: (1.59: 0.79: mm) tronm case for 10:S Mak iis.5 sa040 35205 wes Gidea ser tow Meihweves eee eee ae Be ~— 265°C 
RECOMMENDED OPERATING CONDITIONS at 7, = -40 to + 85°C 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 
LIMITS 


CDP1871AD 
CHARACTERISTIC CDP1871AE 


Supply-Voltage Range 
Recommended Input Voltage Range 
Clock Input Frequency, TPB 
(Keyboard Capacitance = 200 pF) 


ae) {SELECT cs SCAN CLOCK!  3-STAGE 5-STAGE 
ose @) SCAN COUNTER - SCAN COUNTER 
oat BUS ENABLE 
cs4 24) 
CONTROL 
TPB G4 LOGIC 
Yop KEY 
DETECT 


R F/F 
x 

OEBOUNCE 

36) 
7 


KEY DOWN 
DETECT 
RPT @9) 
FROM TO = = 
KEY BOARD KEY BOARD 
(2-s5ge OD orive WM BD OD G8) 
S| Lines $8 Dl LINES OI! ALPHA SHIFT CONTROL 


Fig. 2 — CDP1871A block diagram. 92CM-34522 
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STATIC ELECTRICAL CHARACTERISTIC at Ta = -40 to +85°C, except as noted 


CDP1871AD CDP1871ACD UNITS 

Vo Vop CDP1871AE CDP1871ACE 

vw {mw | TYP.* | MAX. | | TYP." | MAX. | 

Quiescent Device 


eee 
Current lop | 0,10 


Output Low Drive (sink) Current 
(except debounce and D1-D11) 


CHARACTERISTIC 


LA 
Debounce 5 1 | 2 |- |=—-|[- |=) ,, 
406-5 |05 1-04 | 05. Oa) | 
| 05 [oto | 10 | or | o2 | — | — | — | — | 
| 46 [05 | 5 | -03 | -06 | — | -03 | -o6 | — | 
ln {| 95 [010 | 10 [-o75(|-15 | — | — | — | — | 
Input Low Voltage [0545] — | 5 | — | — | 15 | — {| — | 15 | 


Output High Drive (Source) Current 


(except Debounce) 7S ee) 
input High Voltage BC I ae a 
(except Debounce) val te p= jo) 7) T=] 


ee ek ee 
Debounce Schmitt Trigger oe 
Positive Trigger Voltage | os | — [10 | 40 | 63 | ao | — | — | — 
a ae wee ee ee eae eee 
1.6 


Negative Trigger Voltage 


Output Voltage Low Level F— [os [s [|—-|o | o|]- | 0] 
ee ee eee 

Vor| — | 010 | 10 [oe | 7 | — | —|—|— | 
Input Leakage Current fs i Oe 5) BF, oe ae 
ect stsn sn conto) tw = [010 


3-State Output Leakage Current 
lout 0,10 


Pull-Down Resistor Value 
(S1-S8, Shift, Control) Rep 


Operating Current 


(All-outputs fer = 0.4 MHz 
*Typical values are for Ta = +25°C. and nominal Vpp. 


yr 
eee ee ee 
. . 


©); 
™N <e) 
on 
2 
a 


unloaded) fo. = 0.8 MHz 
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FUNCTIONAL DESCRIPTION OF CDP1871A TERMINALS 


D1 — D11 (Outputs): 
Drive lines for the 11 x 8 keyboard switch matrix. These 


outputs are connected through the external switch matrix 
to the sense lines (S1 — S8). 


S1 — S8 (Inputs): 


Sense lines for the 11 x 8 keyboard maxtrix. These inputs 
have internal pull-down resistors and are driven high by 
appropriate drive line when a keyboard switch is closed. 


CS1, CS2, CS3, CS4 (Inputs): 


Chip select inputs, which are used to enable the tri-state 
data bus outputs (BUS 0 — BUS 7) and to enable the 
resetting of the status flag (DA), which occurs on the low- 
to-high transition of TPB. These four inputs are normally 
connected to the N-lines (NO-N2) and MRD output of the 


CDP1800-series microprocessor. (Table 2) 


BUS 0 — BUS 7 (Outputs): 

Tri-state data bus outputs which provide the ASII and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS 0 — BUS 7 terminals of the CDP1800- 
series microprocessor. 


DA (Output): 


The data available output flag which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the CDP1871A. 
This output is normally connected to a flag input (EF1-EF4) 
of the CDP1800-series microprocessor. 


TPB (Input): 
The input clock used to drive the scan generator and reset 


the status flag (DA). This input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 


RPT (Output): 

The repeat output flag which is used to indicate that a key is 
still closed after data has been read from the CDP1871A 
(DA = high). It remains low as long as the key is closed and 
is used for an autorepeat function, under CPU control. This 
output is normally connected to a flag input (EF1-EF4) of 
the CDP1800-series microprocessor. 


DEBOUNCE(Input): 


This input is connected to the junction of an external resis- 
tor to Voo and capacitor to Vss. It provides a debounce time 
delay (t= RC) after the release of a key. If a debounce is not 
desired, the external pull-up resistor is still required. 


ALPHA, SHIFT, CONTROL (Inputs): 


A high on the SHIFT or CONTROL inputs will be internally 
latched (after the debounce time) and the drive and sense 
line decoding will be modified as shown in Table 3. They are 
normally connected to the keyboard, but produce no code 
by themselves. The SHIFT and CONTROL inputs have in- 
ternal pull-down resistors to simplify use with momentary 
contact switches. The ALPHA input is not latched and is 
designed for a standard SPDT switch to provide an alpha- 
lock function. When ALPHA = 1 the drive and sense line 
decoding will be modified as shown in Table 3. 


Vop; Vss: 


Vpp is the positive supply voltage input. Vss is the most 
negative supply voltage terminal and is normal connected 
to ground. All outputs swing from Vss to Vop. The recom- 
mended input voltage swing is from Vss to Vpp. 


TABLE 1 — SWITCH INPUT FUNCTIONS 


CONTROL KEY FUNCTION 
Ce RORMAL 
CONTROL 
a Se! eT cae Gee Saier 
a 


X = DON’T CARE 


TABLE 2 — VALID N-LINE CONNECTIONS 


CPU INPUT 
INSTRUCTION 


CDP1871A SIGNAL | 


CDP1800- 
SERIES 
SIGNAL 
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TABLE 3 — DRIVE AND SENSE LINE KEYBOARD CONNECTIONS?+ 


SENSE] RELINES 
ci peat he ee 


EEC a ete et fel elo 


ng cn aes ee CCC 


Pew 
eae Oe ee ee | Z| LINE 
=F (os fee [sm Te Tr [bee] 2 [sual reep [Oe] Be] Be | Bie 
he Hest ee berets tee cre son ms 
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3 Peeee aeueiceseedars 

Sef entry OR : be aC 
4 ae | EOT | | 1 | Fe | ot | DCA Act 

fete ete eee it lemenar . 

aa | e | ENQ{ m | CR] u | NAK{ ] | GS| RETURN | | oma Usha eis 
SO e.| BE] 86 | 
6 pare Seu cicae 


EEE CEP iste cane lel 
ere] — [us 


‘| = NO RESPONSE 


sey SHIFT* ALPHA* 
. NORMAL CONTROL* 


*CONTROL overrides SHIFT and ALPHA |: 


tShowing ASCII outputs for all combinations with and without SHIFT, ALPHA LOCK and CONTROL. 
tDrive lines 8, 9, 10, and 11 generate non-ASCII hex values which can be used for special codes. 


TABLE 4 — HEXIDECIMAL VALUES OF ASCII CHARACTERS 
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OPERATION 


The CDP1871A is made up of two major sections: the 
counter/scan-selection logic and the control logic (Fig. 2). 
The counter and scan-selection logic scans the keyboard 
array using the drive lines (D1-D11) and the sense lines 
(S1-S8). The outputs of the internal 5-stage scancounter 
are conditionally encoded by the ALPHA, SHIFT, and CON- 
TROL inputs (Table 1, Table 3) and are used to drive the 
D1-D11 output lines high one ata time. Each D1-D11 output 
may drive up to eight keys, which are sampled by the sense 
line inputs (S1-S8). The S1-S8 inputs are enabled by the 
internal 3-stage scancounter. 


The control logic interfaces with the CDP1800-series I/O 
and timing signals to establish timing and status conditions 
for the CDP1871A. 


The TPB input clocks the scancounters and is also used to 
reset the Data Available output (DA). When a valid keydown 
condition is detected on a sense line, the control logic 
inhibits the clock to the scancounters on the next low-to- 
high transition of TPB and the DA output is set low. The 
scancounter outputs (C1-C8) represent the ASCII and HEX 
key codes and are used to drive the BUS 0 — BUS 7 outputs, 
which interface directly to the CDP1800-Series data bus. 
The BUS 0 — BUS 7 outputs, which are normally tri-stated, 
are enabled by decoding the CS inputs during a CPU input 
instruction (Table 2). The low-to-high transition of TPB 
during the_input instruction resets.the DA output high. 
Once the DA output has been reset, it cannot go low again 
until the present key is released and a new keydown condi- 
tion is detected. (This prevents unwanted repeated keycode 
Outputs which may be caused by fast software routines). 


After the depressed key is released and the debounce delay 
(determined by RX, CX) has occurred, the scan clock inhibit 


is removed, allowing the scancounters to advance on the 
following high-to-low transitions of TPB. This provides an 
N-key lockout feature, which prevents the entry of errone- 
ous codes when two or more keys are pressed simulta- 
neously. The first key pressed in the scanning order is 
recognized, while all other keys pressed are ignored until 
the first key is released and read by the CPU, at which time 
the next key pressed in the scanning order is detected. If the 
first key remains closed after the CPU reads the data and 
resets the DA output, on the low-to-high transition of TPB, 
an auxiliary signal (RPT) is generated and is available to the 
CPU to indicate an auto-repeat condition. The RPT output 
is reset high at the end of the debounce delay after the 
depressed key is released. 


The DEBOUNCE input provides a terminal connection for 
an external user-selected RC circuit to eliminate false de- 
tection of a keydown condition caused by keyboard noise. 
The operation of the DEBOUNCE circuit is shown in Fig. 2 
(Pin 36). When a valid keydown is detected, the on-chip 
active-resistor device (Rn) is enabled and the external ca- 
pacitor (Cx) is discharged, providing a key closure de- 
bounce time = RnCx. This discharge is sensed by the 
Schmitt-tigger_inverter, which clocks the DA flip-flop 
(latching the DA output low and inhibiting the scan clock). 
(The DA F/F is reset by the low-to-high transition of TPB 
when the CS inputs are enabled). When a valid key-release 
is detected Rn is disabled and Cx begins to charge through 
the external resistor (Rx), providing a key-release debounce 
time = RxCx. This charge time is again sensed by the 
Schmitt-trigger inverter, enabling the scan clock to con- 
tinue on the next high-to-low transitions of TPB, after the 
current keycode data is read by the CPU. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, -40 to +85°C, Von 15% 


CHARACTERISTIC 
Clock Cycle Time 
Clock Pulse Width High 


Data Available Valid 

Delay toa 
Data Available Invalid 

Delay toaH 
Scan Count Delay 

(Non-Repeat) teo1 
Data Out Valid Delay 


*Typical Values are for Ta = + 25°C and nominal Voo 
Note 1: tee = town + tewr 

tew. = ten: + KC 

k = 0.9 ns per pF 

c = keyboard capacitance (pF) 


Voo 
v) | MIN. | 


LIMITS 


CDP187 CDP1871ACD 
CDP187 CDP1871ACE UNITS 
40 
260 
70 
850 
120 


aN 
ws 
al eee 
es 
a a 
a 
ae ee 
fee FO 
feed 
[= [80 | 7800 
a ae 
ae 
ole 


0 
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RPT nh ch ann: 
| ! 
HAs po Bx 
DE BOUNCE ~~ ee ae 


- ‘ops ag 
oes ( Heeseueeeen | semeneeeeenenen nme | 
DI- DI! PRESENT. COUNT : \ NEXT COUNT 


oe ee ee 
a 
—-| tcovee > ‘CDH = 
BUSO= BUS? —§ gt pep VALID 


% brass 
CS= CSle¢CS2 eCS3eCS4 92CM-35006 
CSI, CS2,CS3=CPU N-LINES 
CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION 


Fig. 3 — CDP1871A dynamic timing diagram (non-repeat). 


TPB | | | | | | 
| | 


KEY | 
DEPRESSED CLOSED OPEN 


= a t DAH , 


DEBOUNCE , _— 
DI- Dil PRESENT COUNT NEXT COUNT 


es | | 
See aE ee ee 


* cs=CSleCS2 eCS3°CS4 92CM— 35007 
CS= CS1,CS2,CS3= (CPU N-LINES) 
CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION 


a 


Fig. 4 — CDP1871A dynamic timing diagram (repeat). 
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MAIN 
PROGRAM 


INPUT KEY 
DATA 
STORE KEY 
DATA 


DISPLAY 
CHARACTER 


92CM- 32530RI 


Fig. 5 — Typical system software flowchart 
for CDP1871A, CDP1871AC. 
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Features: 


| 

2 
3 
4 
5 
6 
7 
8 
9 


— oO 


TOP VIEW 
92CS 33012 


CDP1872C Input Port 
TERMINAL ASSIGNMENT 


The RCA-CDP1872C, CDP1874C and CDP1875C devices 
are high-speed 8-bit parallel input and output ports 
designed for use in the CDP1800 microprocessor system 
and for general use in other microprocessor systems. The 
CDP1872C and CDP1874C are 8-bit input ports; the 
CDP1875C is an 8-bit output port. 


These devices have flexible capabilities as buffers and data 
latches and are reset by CLR input when the data strobe is 
not active. 


The CDP1872C and CDP1874C are functionally identical 
except for device selects. The CDP1872C has one active 
low and one active high select; the CDP1874C has two 


csi t Voo 
010 2 DI7 
DOO 3 D07 
OI! 4 DI6 
DO! 5 DOG 
oI2 6 DI5 
DO2 7 DOS 
D0I3 8 DI4 
DO3 9 DO4 
CLOCK 10 ccR 
Vsgs HW cs2 


TOP VIEW 
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Advance Information/ 
Preliminary Data 


High-Speed 
8-Bit Input and Output Ports 


« Parallel 8-bit input/output register with buffered outputs 

= High-speed data-in to data-out: 
85 ns (max.) at Vpp=5 V 

= Flexible applications in microprocessor systems as 
buffers and latches 

ws High order address-latch capability in CDP1800 series 
microprocessor systems 

# Output sink current=5 mA (min.) at Vpp=5 V 

a 3-state output-CDP1872C and CDP1874C 


active high device selects. These devices also feature 3- 
state outputs when deselected. Data is strobed into the 
register on the leading edge of the CLOCK and latched on 
the trailing edge of the CLOCK. 


The CDP1875C is an output port with data latched into the 
registers when the device selects are active. There are two 
active high and one active low selects. The output buffers 
are enabled at all times. 


These devices are supplied in 22-lead hermetic, dual-in-line 


. side-brazed ceramic packages (D suffix) and in 22-lead 


dual-in-line plastic packages (E suffix). 


Csi l VoD 
DIO 2 DI7 
‘oyere) 3 007 
OI) 4 DI6 
DO! 5 DOG 
Ol2 6 OI5 
D02 7 DO05 
DI3 8 OI4 
DO3 9 004 
cs3 Te) CLR 
Vss Hl CS2 


TOP VIEW 
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CDP1875C Output Port 
TERMINAL ASSIGNMENT 
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CDP1872C, CDP1874C, CDP1875C 
RECOMMENDED OPERATING CONDITIONS at csi 
TA=—40°C to +85°C. For maximum reliability, operating BPE 
conditions should be selected so that operation is always OL 
within the following ranges: CLOCK DO 


LIMITS 
CHARACTERISTIC ALL TYPES UNITS 


DC Operating-Voltage Range | 4t06.5 V 
Input Voltage Range Vss to Vpp 


92CS-—33008 


Fig. 1-Equivalent logic diagram (1 of 8 latches shown) 
for CDP1872C. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE VOD) isos wus alesse he one Sala eee haws bale Weare en ee ee ee ee as —05to+7V 
(Voltage referenced to Vsg Terminal) 
INPUT VOLTAGE RANGE, ALLINPUTS: «4.69 4¢s Saw aGut neu s hae aew naar eal Sete eee COUPER ea esa —0.5 to Vpp +0.5 V 
DC:INPUT ‘CURRENT, ANY ONE INPUT 5 wis0 aks How Se aie aig GHA Se CARES SESS AWA W MNOS SONS RE EEN SOIR SOE EO +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
FOr TA=—40 to:7-60°C (PACKAGE TYPE: E) 5 o.3 sib-g44.6o.6 05 4 04 6 OA wR we Ww SAS DEW RG we OR OG Sew SE aS 500 mW 
For FA=+60 to 785°C (PACKAGE TYPE ©). 3.55240 scwee ena ote oud wSa ee ees ee WN Derate Linearly at 12 mW/°C to 200 mW 
FO TA=—op to + 100°C: (PACKAGE TYPE D) 0234. dha sins dee he Wow OC NEN Ree eR RON ahh eww Oe ws Wa ee 500 mW | 
For Ta=+100 to +125°C (PACKAGE TYPED) ...... ccc cece cece re tee eee e ee eeeees Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR | 
FOR Ta—FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .......ccccccccsccevccecvesereesceeeens 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPED......... Mae hie ee es Ree ewe ewes ee tere Gah aes ere ee re ee ee Tee re ie a Gee —55 to +125°C 
PACKAGE TY PEE, cae ee cee oc auton tale kina ee enews ere er ee ee ee ee re ae eee ere ... —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) ...... arene miekee ee ee re jigiene aie Meee jie a AAAS Sea TOO OSE 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for10S max. ........000. nee ee ase ha sg eae ae ikeaeke T2BS°C 


STATIC ELECTRICAL CHARACTERISTICS at T4= —40 to +85°C, Vpp + 5%, except as noted 


TEST 
CONDITIONS LIMITS 
SHARACTERISTIC ALL TYPES 


Quiescent Device Current IDD 


Output Low Drive (Sink) Current lOL 
Output High Drive (Source) Current lo 


Output Voltage Low-Level * 


Input Leakage Current 
3-State Output Leakage Current # 


* Typical values are for Ta=25°C and Vpp +5%. 
* IOL=IOH=1 HA. 
# For CDP1872C and CDP1874C only. 
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Fig. 2-Equivalent logic diagram (1 of 8 latches shown) Fig. 3-Equivalent logic diagram (1 of 8 latches shown) 
for CDP1874C. for CDP1875C. 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7,=25°C, Vpp=5 V, tr,tf =10 ns, ViH=0.7 Vpp, 
ViL=0.3 Vpp, CL=150 pF 


LIMITS 


CDP1872C 
UNITS 
CHARACTERISTIC CDP1874C 


Input Port (Fig. 4) 


Clock to Data Out | t 
Clear to Output tcro | 80 | 160 | 


Data In to Data Out 


Data Hold Time 
Minimum Clock Pulse Width 
Minimum Clear Pulse Width 


* Typical values are for Ta=25°C and VppH +5%. 
tT Maximum values are for Ta=85°C and Vpp +5%. 


CSI *CS2 
(CDP1874C) 


Csi + cs2 
(CDP1872C) ; 
C DSU tpH 


(HIGH 2) 


CLR 


tor 92CM- 33006 


Fig. 4-Timing waveforms for CDP1872C and CDP1874C (input-port types). 
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CDP1872C, CDP1874C, CDP1875C 
DYNAMIC ELECTRICAL CHARACTERISTICS at T4=25°C, Vpp=5 V, ty,tf =10 ns, Vi/H=0.7 Vpp, 


LIMITS 


CHARACTERISTIC CDP1875C UNITS 


ViL=0.3 Vpp, CL=150 pF 


Output Port (Fig. 5) 


Clock to Data Out tCL 


Clear to Output 


Minimum Clear Pulse Width 


® Typical values are for Ta=25°C and Vpp +5%. 


tT Maximum values are for Ta=85°C and Vpp +5%. 


- Se 
CSI + CS2+-CS3=CLOCK | 
-— tps —s 
| 
| 
| 
| 


DATA OUT 


CLR 


92CM-33005 


Fig. 5-Timing waveforms for CDP1875C (output port). 


CDPI875C 
cs2 


cOPI802 


Do[_>DATA OUT 


TPB 
DATA BUS 
O-7 


92CM- 33004 


Fig. 6-CDP1874C used as an input port and address latch with CDP1875C used as an output port. 
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DATA BUS 


CDPI873C 


CDPI8O02 DATA BUS 
—- 


92CS-33003 


Fig. 7-CDP1872C used as an input port and selected by CDP1873C. 


MRD 
COPI802 


NO NI _N2 DO-D7 


DATA OUT 


CDPI875C 


DATA OUT 


CS3 
CDPI875C 


CDPI874C 


mEMONY 92CS-33002 


Fig. 8~CDP1874C and CDP1875C used as input/output buffers. 


CMOS Peripherals __. 


403 


Advance Information/ 


Preliminary Data 


TERMINAL ASSIGNMENT 


CDP1873C 


CMOS 1 of 8 Binary Decoder 


Features: 


TOP VIEW 
92CS-32888 


expansion 


The RCA-CDP1873C is a high-speed 1 of 8 decoder 
designed for use with microprocessor systems that require 
expansion capabilities utilizing memory or input/output 
ports with active low chip-select inputs. The CDP1873C has 
a recommended operating voltage range of 4 to 6.5 volts. 


When the decoder is enabled and addressed, one of its 8 
outputs goes low. 


°o 
Cc 
4 
oO 


| 


° 
Cc 
+ 


| 


e222 
=|5/5)5)5 
alo pic 


fo] 
Cc 
per) 
~ 
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Fig. 1 - CDP1873C functional diagram. 


= High-speed address to output enable 
delay 100 ns (max.) at Von=5 V 

= Output sink 6 mA (min.) at Voo=5 V 

a //O port or memory selector 

= 3 chip-select input allows simple 


Enabling is controlled by 3 chip-select inputs, allowing for 
easy system expansion. All outputs will be high when the 
decoder is not selected. The CDP1873C can be cascaded 
for very large systems and offers a low propagation delay 
that reduces memory-access time requirements in those 
designs where delays are critical. 


The CDP1873C is supplied in hermetic 16-lead dual-in-line 
ceramic (D suffix) and plastic (E suffix) packages. 


TRUTH TABLE 


ADDRES OUTPUTS 
234567 
Lk td L H HHHHHH 
HLL L H HHHHHH 
L HL L 4H LHHHHH 
H HL L H HLHHHH 
L L H L H HHLHHH 
H L H LH HHHLHH 
L HH L oH HHHHLH 
H H H L H HHHHHL 
X X X X L HHHHHH 
X X X X X HHHHHH 
X X X H X HHHHHH 
H = High level L =Low level 
X = Don’t care 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


CMOS Microprocessors, Memories and Peripherals 


(Voltage referenced to Vss terminal) ........ Me ar faecteedada hated one ee —0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........ ccc ccccccsccccercecescs —0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT as 5ciecur dene stew seed de ti ee esate aeaewas +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta=-—40 to-t60°C (PACKAGE TYPE E)> x sie ie Rw WG VK Ca ENS iw 500 mW 

For Ta=+60 to +85°C (PACKAGE TYPE E) ............ Derate Linearly at 12 mW/°C to 200 mW 

For TA=—55 to +100°C (PACKAGE TYPE D)s.5 du.s-sccaeete seas ee hawk’ NUNS AS LS 500 mW 

For Ta=+100 to +125°C (PACKAGE TYPED) ......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Types).........eeee0. 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE PY PE Dick cancel tae soa a Carnie a CA ASE SOW hae anee —55 to +125°C 

FACKAGG VYPE Cieceoe eee Salant eee eae ieee eae Wee ee ee eee aes —40 to +85°C 
STORAGE-TEMPERATURE RANGE (US 0) ee —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for10s max. ....... rae P bre sen +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta = — 40 to + 85°C, except as noted 
CONDITIONS LIMITS 
UNITS 


eS Vpp CDP1873C 
V) (Vv) | Min. | Typ.* | Max. | 


ee ee 
Current, Ipp r 
Output Low Drive 
rad a 
lOL 
Output High Drive 
BE EEE 


CHARACTERISTIC 


(Source) Current, 
lOH 
Output Voltage 
Low-Level, 
Vo.4 
Output Voltage 


High Level, 
VoH4 


Input Low Voltage, 05,45 
ViL 

Input High Voltage, _ 
VIH 


Current, lin cay 

for tana Ree 
IpD1 ° 4 

ake ee ae 


alee ius are for Ta = 25°C and nominal voitage, Vpp. 
AloL=loH=1 HA. 
Operating current is measured at 200 kHz for Vpp=5 V and 400 kHz for Vpp=10 V, with 
open outputs (worst-case frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 
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OPERATING CONDITIONS at Ta = Full Package Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation is always within 
the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range | 4 6 6| 65 | y 
Input Voltage Range Vss VDD 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40 to +85°C, Vpp = +5%, 
ViIH = 0.7 Vpp, VIL = 9.3 Vpp, tr.tf = 10 ns, CL = 100 pF 


LIMITS 
CHARACTERISTIC VppD CDP1873C 
(V) T 


yp. 

Propagation Delay Time: 
Addressto Output tao 5 65 
30 


Enable to Output tEO 


Enable ) 


a re 
Minimum Pulse Widths: 
Address tAA 


Note 1: Maximum limits of minimum characteristics are the values above which all 
devices function. 
Note 2: Typical values are for Ta = 25°C and nominal voltage, Vpp. 


tAA 
_ rg 
tee . 


~ bey “ 
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Fig. 2 - Timing waveforms. 
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OUTPUT 
VIA 
61 INSTRUCTIONS 


OUTPUT 


2) 


VIA 
Z STROBE 

cs 
é al INPUT 


Ue Vip ly ey aA CDPI872C <a 69 INSTRUCTIONS 
mae 


4+} | 
ea) tS 
EXPANDABLE UP 
TO 7 INPUT AND/ 
OR OUTPUT PORTS cS INPUT 
VIA 
ae ee aa CDPI872C 6A INSTRUCTIONS 
| tS STROBE 
92CM-32891 
MEMORY 
Fig. 3 - N-line decoded in a one-level I/O system. 
TO IK MEMORY 


‘ CHIP SELECTS 


ga A394 SI 


A7 


CDPI874C 


CDPI802 


AQ 
A8& 


TO IK MEMORY 


CDPI873C CHIP SELECTS 
3 


92CM-32892 


Fig. 4- 16-k memory-select using the CDP1873C with the CDP1874C as an address latch. 
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Advance Information/ 


Preliminary Data 


Features: 


vector interval 


| 

2 
3 
4 
5 
6 
? 
8 
9 


TOP VIEW 
92CS-3437) 


TERMINAL ASSIGNMENT 


The RCA-CDP1877 and CDP1877C° are programmable 8- 
level interrupt controllers designed for use in CDP1800- 
series microprocessor systems. They provide added 
versatility by extending the number of permissible 
interrupts from 1 to N in increments of 8. 


When a high to low transition occurs on any of the PIC 
interrupt lines (IRO to IR7), it will be latched and, unless the 
request is masked, it will cause the INTERRUPT line on the 
PIC and consequently the INTERRUPT input onthe CPU to 
go low. 


The CPU accesses the PIC by having interrupt vector 
register R(1) loaded with the memory address of the PIC. 
After the interrupt S3 cycle, this register value will appear at 
the CPU address bus, causing the CPU to fetch an 
instruction from the PIC. This fetch cycle clears the 
interrupt request latch bit to accept a new high-to-low 
transition, and also causes the PIC to issue a long branch 
instruction (CO) followed by the preprogrammed vector 
address written into the PIC’s address registers, causing the 
CPU to branch to the address corresponding to the highest 
priority active interrupt request. 


*Formerly RCA-Dev. Type No. TA10911 and TA10911C, 
respectively. 


Programmable Interrupt Controller (PIC) Programming Model 


CDP1877, CDP1877C 


Programmable Interrupt Controller (PIC) 


= Compatible with CDP1800 series 
= Programmable long branch vector address and 


8 levels of interrupt per chip 

Easily expandable 

Latched interrupt requests 

Hard wired interrupt priorities 
Memory mapped 

Multiple chip select inputs to minimize 
address space requirements 


lf no other unmasked interrupts are pending, the 
INTERRUPT output of the PIC will return high. When an 
interrupt is requested on a masked interrupt line, it will be 
latched but it will not cause the PIC INTERRUPT output to 
go low. All pending interrupts, masked and unmasked, will 
be indicated by a “1” in the corresponding bit of the status 
register. Reading of the status register will clear all pending 

interrupt request latches. 


Several PICs can be cascaded together by connecting the 
INTERRUPT output of one chip to the CASCADE input of | 
another. Each cascaded PIC provides 8 additional interrupt 
levels to the system. The number of units cascadable 
depends on the amount of memory space and the extent of 
the address decoding in the system. 


Interrupts are prioritized in descending order; IR7 has the 
highest and IRO has the lowest priority. 


The CDP1877 and CDP1877C are functionally identical. 
They differ in that the CDP1877 has a recommended 
operating voltage range of 4 to 10.5 volts, and the 
CDP1877C has a recommended operating voltage range of 
4 to 6.5 volts. These types are supplied in 28-lead dual-in- 
line ceramic packages (D suffix), and 28-lead dual-in-line 
plastic packages (E suffix). 


BUS 7 B Q. 
CONTROL REGISTER 


BUS 7 
MASK REGISTER 
M7 M5 M4 
BUS 7 


STATUS REGISTER 
$7 $6 $5 $4 


BUS 0 
BUS 0 
BUS 0 


POLLING REGISTER READ ONLY 
P7 P5 P4 P2 P1 


File Number 1319 


408 CMOS Microprocessors, Memories and Peripherals 


CDP1877, CDP1877C 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss terminal) 


CDP 1877 dvds ccs bu eacetd oh whade natns GOs Seb ea res os oHE hae Res MS Rag aE ES Re OR ANG See een thn Sees —0.5 to+11V 

CRPIB7 70? Ai st trvcneee ae Rene en coy ape et iain eau mae dee GS RAS eaG Raine des SSTNSS te TOE Se ONG AO Mae eeu rendes —0.5to+7V 
INPUT VOLTAGE RANGE, ALLAINPUTS 3 i ccscc oe ies Gans oe See Pee as HON 6 oy whe av caw le os RENE Rares wR ES Re A —0.5 to Vpp +0.5 V 
DC INPUT CURRENT: ANY ONE INCU? + écice0cce tetra e cree ie east piace agentes yews es tea ted tees +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta=—40 to +60°C (PACKAGE TYPE E)........cccccccccnccsccee nessa seneeeeceteneeneeesaeen esses eesserenesneerenens 500 mW 

For Ta=+60 to +85°C (PACKAGE TYPE E) ..... cc eee cc cece eee e eee eee eee ee nnnenneees Derate Linearly at 12 mW/°C to 200 mW 

For Ta=—55 to +100°C (PACKAGE TYPE D) .......cccccncnecnc cence tener ete e tener eee eee e et eee eee testes eee teeeeeas 500 mW 

For Ta=+100 to 125°C (PACKAGE TYPE D)..... cece ee cee cece e nner e eee eee een ennennns Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@S) ......... eee e eee e eee e erence nee nen eee eeennee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE:TY PE D® stig ch ceo n tales eaten harakd a SAGE E Oa wee kee POLAR Pe 8S TA eae ah an Seles ewer aude OFG6 —55 to +125°C 

PACKAGE TYPE Bain cleo culcton eihecned jeniiaud wen bd buds eae ea Nie eae RE CA ee SEER Ea —40 to +85°C 
STORAGE-TEMPERATURE RANGE (Tgtg)..-- esse eee eee e ence nent n eee e ene eee e nee n este nent een ete tent es —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10 S MAX. 2... cece cece eet ee eee ee ete ene eee e eee e eens e nes +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp +5%, Except as noted 


‘CONDITIONS __ LIMITS 
: VIN arn Lp peer — UNITS 


(V) |_Min. | Typ.” | 


CHARACTERISTIC 


Quiescent Device 
Current IDD 


(V) 
Output Low Drive 0.4 0. 5 1.6 5 2 1.6 3.2 
(Sink) Current 0.5 0, 10 2.6 5.2 
| Output High Drive 
(Source) Current 
0. 5 0.1 0.1 
0, 10 Ee 0.1 


Output Voltage 
Low-Level VoLt 
Output Voltage 
High Level 
Input Low 
Mollage 


input Leakage FRA 0,5 

tate eee eel, 
3-State Output Leakage 0, 5 +1074] +1 +10-4| +1 
Sure ous} ef o| w | = [ao go | ETE 


Input Capacitance CIN sam ea 
SMe MHeeaes 


Output Capacitance CouT ee 
*Typical values are for Ta=25°C and nominal Vpp. +OL=loH=1 yA. 


Operating Device 
Current lOPER# 
# Operating current measured under worst-case conditions in a 3.2-MHz CDP1802A system: 


one PIC access per instruction cycle. 
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OPERATING CONDITIONS at T,a=Full Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC CDP1877 CDP1877C UNITS 
} 


DC Operating Voltage Range 
Input Voltage Range 


WRITE PAGE REGISTER 
———?> WRITE CONTROL REGISTER 


WRITE MASK REGISTER 
READ STATUS REGISTER 


~ (LES i 


h READ LONG BRANCH 
CASC . = 
ss | >—or 
READ 


= 
> 
oe | 
a 
=x 
(9) 
”n 
amooomo 


STATUS WRITE WRITE 
REGISTER MASK PAGE READ 
REGISTER REGISTER LONG BRANCH 


VECTOR 
PRIORITY 4 BEORESS LONG 
INTERRUPT ENCODER/ Z BRANCH 
a LATCH / MASK Z INSTRUCTION 
TR? () STATUS REGISTER VEC TOR V GENERATE 
moe REGISTER ADDRESS es LOGIC 
TR6 ( ) GENERATION ro 
IR5 Z READ 
iy O y POLLING 
REGISTER ites 
a O Z MWR MRO 
ERS ( ) y 
ae EN 
mo YA essere O 
TRi BUSO 
ine PZ fZ 
TRO C) EAR Z UPPER BITS C) Busi 
Y iy DATA ( ) Bus2 
Z VY ay aurrers |) 8US3 
BUS4 
aes 7 2 ee BUSS 
CONTROL REGISTER SON ROL C) suse 
REGISTER aus? 


Fig. 1 - Functional diagram for CDP1877. 
92CL-34372 


Functional Definitions for CDP1877 and CDP1877C Terminals 


TERMINAL 


Vpp—Vss Power 

BUSO—BUS7 Data bus—Communicates information to and from CPU Bidirectional 
[RO—IR7 Interrupt Request Lines Input 
INTERRUPT. Interrupt to CPU Output 
MRD, MWR. Read/Write controls from CPU Input 


TPA, TPB Timing pulses from CPU Input 
CS, CS Chip selects, Enable Chip if valid during TPA Input 


CS/Ax, CS/Ay Used as a Chip Select during TPA and as a Register address during 
Read/Write Operations Input 


CASCADE Used for cascading several PIC units. The INTERRUPT output from a higher 


priority PIC can be tied to this input, or the input can be tied to Vdd if cascading 
is not used. Input 
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PIC Programming Model 


INTERNAL REGISTERS 
The PIC has three write-only programmable registers and 
two read-only registers. 


Page Register 

This write only register contains the high order vector 
address the device will issue in response to an interupt 
request. This high-order address will be the same for any of 


BUS 7 


Control Register 
The upper nibble of this write-only register contains the low 
order vector address the device will issue in response to an 


BUS 7 


CMOS Peripherals 


the 8 possible interrupt requests; thus, interrupt vectoring 
differs only in location within a specified page. 


BUS 0 
WRITE ONLY 


interrupt request. The lower nibble is used for a master 
interrupt reset, master mask reset and for interval select. 


BUS 0 


B6 B5 B4 


INTERVAL SELECT 
DETERMINES NUMBER OF 
BYTES ALLOCATED TO EACH 
INTERRUPT SERVICE ROUTINE 


Lents | Bo tnervat 


MASTER MASK RESET 
O RESETS ALL MASK REGISTER BITS 
1 NO CHANGE 


MASTER INTERRUPT RESET 

0 RESETS ALL INTERRUPT LATCHES 
CLEARS ANY PENDING INTERRUPTS 
1 NO CHANGE 


SETS UPPER BITS OF THE LOW ORDER 
VECTOR ADDRESS AS A FUNCTION OF THE 
INTERVAL SELECT 


THE LOW ORDER VECTOR ADDRESS WILL BE SET ACCORDING TO THE TABLE BELOW: 


INTERVAL SELECTED- 
NO. OF BYTES 


BIT B7 
SETS A7 


SETS A7 
SETS A7 
SETS A7 


LOW ADDRESS BITS 
BIT B6 BIT BS 
SETS A6 SETS AS 
SETS A6 SETS A5 
SETS A6 X 

X X 


X=DON'T CARE 


NOTE: All DON'T CARE Addresses and Addresses A0-A3 are determined by interrupt request. 
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Mask Register 
A “1” written into any location in this write only register will 


mask the corresponding interrupt request line. All interrupt 
inputs (except CASCADE) are maskable. 


BUS 7 BUS 0 


MASK BITS 


Status Register 


In this read only register a “1” will be present in the 
corresponding bit location for every masked or unmasked 
pending interrupt. 


BUS 7 BUS 0 


STATUS BITS READ ONLY 
S7 S6 S5 $4 $3 S2 S1 SO 2 


Polling Register ai 
This read only register provides the low order vector 


address and is used to identify the source of interrupt if a 
polling technique, rather than interrupt servicing, is used. 


BUS 7 BUS 0 


POLLING BITS 


RESPONSE TO INTERRUPT (AFTER S3 CYCLE) 


The PIC’s response to interrogation by the CPU is always 3 
bytes long, placed on the data bus in consecutive bytes in 
the following format: 


First (Instruction) Byte: 
LONG BRANCH INSTRUCTION - CO (Hex) 


Second (High-Order Address) Byte 
This byte is the High-Order vector Address that was written 


into the PIC’s Page Register by the user. The PIC does not 
alter this value in any way. 


High-Order Vector Address 
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Third (Low-Order Address) Bytes 
INTERVAL 2 
BUS 7 BUS 0 


INTERVAL 4 
BUS 7 BUS 0 


re ee OA 


INTERVAL 8 
BUS 0 


Tow | VACA Le 1 


INTERVAL 16 
BUS 7 BUS 0 


S77 Indicates active interrupt input number (binary 0 to 7). 
Z) 


Bits indicated by Ax (x=4 to 7) are the same as programmed 
into the Control Register. All other bits are generated by the 
PIC. 


REGISTER ADDRESSES 


In order to read/write or obtain an interrupt vector from any CS/Ax and CS/Ay are multiplexed addresses; both must be 
PIC in the system, all chip selects (CS/Ax, CS/Ay, CS, CS) high during TPA, and set according to this table during TPB 
must be valid during TPA. to access the proper register. 


CS/Ay 


ACTION TAKEN 


Lo | READ Long Branch instruction and vector for highest priority unmasked 


interrupt pending. 


ak Se See WRITE to Page Register 
WRITE to Control Register | 


READ Status Register 
WRITE to Mask Register 


1 READ Polling Register (Used to identify INTERRUPT source if Polling tech- 
nique rather than INTERRUPT service is used.) 


Unused condition 
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PIC Application Examples 


Example I—Single PIC Application 
Fig. 2 shows all the connections required between CPU and 
PIC to handle eight levels of interrupt control. 


CDP 1802 COPI877 


92CS- 34376 
Fig. 2 - PIC and CPU connection diagram. 
Programming Values for Example | with LOCATION 84E0 arbitrarily 
Programming the PIC consists of the following steps: chosen as the Vector Address with interval of eight bytes, 
1. Disable interrupt at CPU. IR4 pending, is shown in Table |. 
2. Reset Master Interrupt Bit, B3, of Control Register. In deriving the above addre | DON’T CARE bits are 
3. Write a ‘‘1” into the Interrupt Input bit location of the Dilig the above ae alessee.e : | 
; ae é assumed to be 0. 
Mask Register, if masking is desired. ee Te 
4. Write the High-Order Address byte into the Page When an INTERRUPT (IR4) is received by the CPU, it will 
Register. address the PIC and will branch to the interrupt service 
5. Write the Low-Order Address and the vector interval routine. 
into the Control Register. The three bytes generated by the PIC will be: 
6. Program R(1) of the CPU to point to the PIC so that the 1st Byte=COH 
Long Branch instruction can be read from the PIC 2nd Byte=84} 
during the Interrupt Service routine. 3rd Byte=E0} 


Table I — Register Address Values 


EGO [write 
a en 
ees 


DATA BYTE 


STATUS EOOOH READ 
POLLING E040H READ 
R(1) (IN CPU) _| E080H pe 
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Example II—Multi-P!IC Application 


Fig. 3 shows all the connections required between CPU and 


PICs to handle sixteen levels of interrupt control. 


HIGHEST 
PRIORITY 
INTERRUPT 


nee TROle— Lover 
BUS INTERRUPT 
CDPI877 

92CM-34375 


Fig. 3 - PiCs and CPU connection diagram. 


Register Address Assignments 
The low-byte register address for any WRITE or READ 
operation is the same as shown in Table I. 


The high-byte register differs for each PIC because of the 
linear addressing technique shown in the example: 

PIC 1=111XXX01 (E1}q FOR X=0) 

PIC 2=111XXX10 (E24, FOR X=0) 


The R(1) vector address is unchanged. This address will 
select both PICs simultaneously (R(1).1=111XXX00=E0}p). 
Internal CDP1877 logic controls which PIC will respond 
when an interrupt request is serviced. 


Additional PIC Application Comments 
The interval select options provide significant flexibility for 
interrupt routine memory allocations: 

@ The 2-byte interval allows one to dedicate a full page to 
interrupt servicing, with variable space between 
routines, by specifying indirect vectoring with 2 byte 
short branch instructions on the current page. 

m@ The 4-byte interval allows for a 3 byte long branch to 
any location in memory where the interrupt service 


routine is located. The branch can be preceded by a 
Save Instruction to save previous contents of X and P 
on the stack. 

The 8-byte and 16-byte intervals allow enough space to 
perform a service routine without indirect vectoring. 
The amount of interval memory can be increased even 
further if all 8 INTERRUPTS are not required. Thus a 4- 
level interrupt system could use alternate IR Inputs, 
and expand the interval to 16 and 32 bytes, respectively. 


The 4 Chip Selects allow one to conserve total allotted 
memory space to the PIC. For one chip, a total of 4 
address lines could be used to select the device, 
mapping it into as little as 4-K of memory space. Note 
that this selection technique is the only one that allows 
the PIC to work properly in the system: I/O mapping 
cannot be used because the PIC must work within the 
CDP1800 interrupt structure to define the vector 
address. Decoded signals also will not work because 
the chip selects must be valid on the trailing edge of 
TPA. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp +5%, tr,t7=20 ns, 
ViH=0.7 Vop; ViL=0.3 Vpp, C_=50 pF 


LIMITS 
CDP1877 


Typ. 


CHARACTERISTIC 


Minimum IR Pulse Width RX 


0 
0 
0 
0 


6 
4 
6 
4 


30 
40 


Nh © 
—_— ss! 
oOo Oo 


5 
10 
10 
10 
10 
5 
10 
10 
10 


Bap 
Oo 


i Typical values are for Ta=25°C and Vpp +5%. 


TPA 


tas tAH 


MEMORY ADDRESS HIGH BYTE LOW BYTE 


tHTPB 


DATA FROM PIC TO BUS 


DATA FROM BUS TO PIC 


VALID DATA 


IRX Ei 
92CM-34804 


Fig. 4 - Timing waveforms for CDP1877. 
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Features: 


| 
2 
3 
4 
5 
6 
i 
8 
9 


control registers 


TOP VIEW 
92CS-34626 


TERMINAL ASSIGNMENT each counter-timer 


The RCA-CDP1878 and CDP1878C4 are dual counter- 
timers consisting of two 16-bit programmable down 
counters that are independently controlled by separate 
control registers. The value in the registers determine the 
mode. of operation and control functions. Counters and 
registers are directly addressable in memory space by any 
general-industry-type microprocessors, in addition to 
input/output mapping with the CDP1800-series micropro- 
cessors. 


Each counter-timer can be configured in five modes with 
the additional flexibility of gate-level control. The control 
registers in addition to mode formatting, allow software 
Start and stop, interrupt enable, and an optional read 
control that allows a stable readout from the counters. Each 


Table I - Mode Description 


= Compatible with general-purpose and 
CDP1800-series microprocessor systems ® Addressable in memory space or 
= Two 16-bit down-counters and two 8-bit 


| ———SFFunction Application 
Outputs change when clock decrements counter to “0” 


Fee | One clockwide output pulse when clock decrements 
counter to “0” 
Gate-Controlled One Shot] Outputs change when clock decrements counter to “0”. 
Retriggerable 
G 


Repetitive clockwide output pulse 


Repetitive output with programmed duty cycle 
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Product Preview 


CMOS Dual Counter-Timer 


= Software-controlled interrupt output 


CDP1800-series |/O space 


= 5 modes including a versatile 
variable-duty cycle mode 

s Programmable gate-level select 

s Two-complemented output pins for 


counter-timer has software control of a common interrupt 
Output with an interrupt status register indicating which 
counter-timer has timed out. 


In addition to the interrupt output, true and complemented 
outputs are provided for each counter-timer for control of 
peripheral devices. 


The CDP1878 and CDP1878C are functionally identical. 
They differ in that the CDP1878 has a recommended 
operating voltage range of 4:to 10.5 volts, and the 
CDP1878C has a recommended operating voltage range of 
4 to 6.5 volts. These types are supplied in 28-lead dual-in- 
line ceramic packages (D suffix), and 28-lead dual-in-line 
plastic packages (E suffix). 


AFormerly RCA Dev. Type No. TA10981 and TA10981C, respectively. 


Trigger pulse 


Motor control 


File Number 1341 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss terminal) 
LO] Bat. 4: ee re re et te ee ee ee Cerne ee er ee eee Te eer Teer ee Tee eee ee ea -0.5 to +11 V 
CDP1878C .......... ea ee ere he eee eee ee nee ee eee eT oe me ee eCe REE ee ee err Ty rece re ere -0.5to+7V 
‘INPUT VOLTAGE RANGE, ALL INPUTS. .....c.ccscececeecee verse eee eeseeebenden rea bese ee eee nesenese eed beenns -0.5 to Vpp +0.5 V 
DGC:INPUT CURRENT, ANY ONE INPUT 3 sc sisciiwada diese tesa ey sae ce ka iene SNES 5 ROSE IG6 CURED KERN IAG CS Dee ed eS +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta=-40 to +60°C (PACKAGE TYPE E).......ccccccccssccccccsserscccvenccsenassescanacens eee eee eee 500 mW 
For Ta=+60 to +85°C (PACKAGE TYPE E)...... cc ccc ccc ccnccerenevenseceeeceneretsnenes Derate Linearly at 12 mW/°C to 200 mW 
For Ta=-55 to +100°C (PACKAGE TYPE D) wo. ccc cece ccc eeeee eee eee Eee ee EE eee EHD EEE eee EEE E EEE EES 500 mW 
For Ta=+100 to 125°C (PACKAGE TYPE D) ..... cece cs cssenccccsenvateetnneeteaesaaene Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@S) ...... cece ee cere erent eee n ene e teen een eenenes 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPE Diss cvtecentdi tenn Grtiacan acacia ceate en MORSE Cas cana RSNA Eee eI news awe ewe aN -55 to +125°C 
PACKAGE TYPE Ein tuoi cxantotned tain inthe eee Sesld Bau Rae Cela aE Ne Ceew Pe LOS a Vata Lena Rees -40 to +85°C 
STORAGE-TEMPERATURE RANGE (Tgtg)... sees e eee cece eee e ener renee eee EEE EEE ee EE EEE EE EEE EEE -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): — 
At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from Case for 10S MAX. .occc cece cece cece eee t ee eee e eee e eee eee teen anaes +265°C 


STATIC ELECTRICAL CHARACTERISTICS at SS to +85°C, Vpp +5%, Except as noted 
|___ CONDITIONS _| qe a 


CHARACTERISTIC CDP1878 a Ee UNITS 
(vy) | |_Min. | Typ.2 | Max. | Min. Typ.e | 
0,5 - 
Quiescent Device Current | 
Output Low Drive 0.4 0,5 1.6 : 2 1.6 3.2 
(Sink) Current 0.5 0, 10 : 2.6 5.2 
Output High Drive 4.6 0, 5 -1.15 -2.3 -1.15] -2.3 
(Source) Current 9.5 0, 10 : -2.6 -5.2 
Output Voltage 0,5 0.1 0.1 
Low-Level 0, 10 f 0.1 
Output Voltage 0,5 4.9 4.9 
High Level Vout 0, 10 i 9.9 
Input Low Voltage 0.5,4.5 ee is i ne 
0.5, 9.5 10 
0.5, 4.5 : 
Input High Voltage 
al g 0.5, 9.5 Ff 
Input } 0, 10 10 +2 
Operating Curren MMi He 
0, 10 10 12 


Input Capacitance 


Output Capacitance ee 


*Typical values are for Ta=25°C and nominal Vpp. FIOL=IOH=1 MA. 
AOperating current is measured at 200 kHz for Vpp=5 Vand 400 kHz for Vpp=10 V, with open outputs (worst-case frequencies for 
CDP1802A system operating at maximum speed of 3.2 MHz). 
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OPERATING CONDITIONS at Ta=Full Package-Temperature Range. For maximum rellability, 
operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC 
| Min. | Max, [Ming | Max. 
poo peraung Yowtage Menge ___}_4—__03_} 4} 3 fy 
Input Voltage Range CT VS CCS | Vp 
Maximum Clock Input Rise or. 
Minimum Clock Pulse Width twitwH| 200 | — | 200 |  — | 7s 


RESET @ E 0 GATE A 
RD o 
TPB/WR © TAO 
CONTROL REGISTER A 
1-0/MEM c COUNTERS AND MODE CONTROL TEE 
TPAG 
cs oCLOCK A 
ry 
Alc 
HOLDING 
Adc | REGISTER A 
Vss ° 


8-BIT / DATA 
BUS 
ER eeNes ee DRIVERS 


; JAM 
¢ REGISTER B 
+ © GATE B 
TBO 
SANTER a CONTROL REGISTER B 
OUNTER 6 AND MODE CONTROL Ye 


TBO 
7 o CLOCK B 
HOLDING 
i REGISTER B 
92CL- 34627 


Fig. 1 - Functional diagram CDP1878 and CDP1878C. 


Functional Definitions for CDP1878 and CDP1878C Terminals 
LTERMINAL | oC CUSAGE CE STERMINAL| = CUSAGE 
Vpop-Vss_ | Power 
DBO-DB7 | Data to and from device Active high input that enables device 
TPB/WR, RD | Directional control signals Low when counter is “0” 
AO, A1,A2 | Addresses that select counters When active, TAO, TBO are low, 
or registers TAO, TBO are high. Interrupt status 


TACL, TBCL | Clocks used to decrement counters =} | register is cleared 
TAG, TBG | Gate inputs that control counters Tied high in CDP1800 input/output 
TAO, TAO | Complemented outputs of Timer A mode, otherwise tiedlow __ 
TBO, TBO | Complemented outputs of Timer B 
TPA Used with CDP1800-series processors, 
tied high otherwise 
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REGISTER OPERATION 


| RD 

|__| Write Counter AMSB 
|__| Read Counter AMSB 
|_| Write Counter ALSB 
Ree ae 
es 
aa 
px 


REGISTER TRUTH TABLE 


ADDRESS ACTIVE 
TPB/WR 


Interrupt Status Register 


Not Used 


eed 
ial 
eel 
Eee 
— 
[[Notusea 


PROGRAMMING MODEL 
Counter A Registers Counter B Registers 


BUS7 BUS 0 
BUS 7 BUS 0 


CONTROL REGISTER 
CONTROL REGISTER 


WRITE ONLY 
WRITE ONLY 


HOLDING REGISTER LSB 


READ ONLY 
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Functional Description—See Fig. 1 


The dual counter-timer consists of two programmable 16- 
bit down counters, separately addressable and controlled 
by two independent 8-bit control registers. The word in the 
control register determines the mode and type of operation 
that the counter-timer performs. Writing to or reading from 
a counter or register is enabled by selective addressing 
during a write or read cycle. The data is placed on the data 
bus by the microprocessor during the write cycle or read 
from the counter during the read cycle. Data to and from 
the counters and to the control registersisin binary format. 


Each counter-timer consists.of three parts. The first is the 
counter itself, a 16-bit down counter that is decremented on 
the trailing edge of the clock input. The second is the jam 
register that receives the data when the counter is written 
to. The word in the control register determines when the 
jam register value is placed into the counter. The third part 
is the holding register that places the counter value on the 
data bus when the counter is read. 


When the counter has decremented to zero, three events 
occur. The first involves the common interrupt output pin 
that, if enabled, becomes active low. The second is the 
setting of a bit in the interrupt status register. This register 
can be read to determine which counter-timer has timed 
out. The third event is the logic change of the complemented 
output pins. 


In addition to the clock input used to decrement the 
counter, a gate input is available to enable or initiate 
operation. The counter-timers are independent and can 
have different mode operations. 


Write Operation 


The counters and registers are separately addressable and 
are programmed via the data bus when the chip is selected 
with the TPB/WR pin active. Normal sequencing requires 
that the counter jam register be loaded first with the 
required value (most significant and least significant byte 


Control Register 
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in any order), and then the control register be accessed and 
loaded with the control word. The trailing edge of the 
TPB/WR pulse will latch the control word into the control 
register. The trailing edge of the first clock to occur with 
gate valid will cause the counter to be jammed with its initial 
value. The counter will decrement on the trailing edge of 
succeeding clocks as long as the gate is valid, until it 
reaches zero. The output levels will then change, and if 
enabled, the interrupt output will become active and the 
appropriate timer bit will be set in the interrupt status 
register. The interrupt output and the interrupt status 
register can becleared (to their inactive state) by addressing 
the control register with the TPB/WR line active. For 
example, if counter A times out, control register A must be 
accessed to reset the interrupt output high and reset the 
timer A bit in the status register low. Timer B bit in the status 
register will be unaffected. 


Read Operation 


Each counter has a holding register that is continuously 
being updated by the counter and is accessed when the 
counter is addressed during read cycles. Counter reads are 
accomplished by halting the holding register and then 
reading it, or by reading the holding register directly. If the 
holding register is read directly, data will appear on the bus 
if the counters are addressed with the RD line active. 
However, if the clock decrements the counter between the 
two read operations (most and least significant byte), an 
inaccurate value will be read. To preclude this from 
happening, writing a “1” into bit 6 of the control register and 
then addressing and reading the counter will result in a 
stable reading. This operation prevents the holding register 
from being updated by the counter and does not affect the 
counter’s operation. 


The interrupt status register is read by addressing either 
control register with the RD line active. A “1” in bit 7 
indicates Timer A has timed out and a ‘“‘1” in bit 6 indicates 
Timer B has timed out. Bits 0-5 are zeros. 


[7 fejsta}e]al sje! 


Jam Enable 
1=Enabled 
0=Disabled 


Holding Register Control 
1=Freeze Holding Register 
0=Update Continuously 


Start/Stop Control 
1=Start Counter 
0=Stop Counter 


aa 


Gate Level Select 

1=Positive (High) 

0=Negative (Low) 

Mode Select 
001=Mode 1 
010- Mode 2 

*011=Mode 3 
100=Mode 4 
101=Mode 5 

*Plus Bit 7=0 


Interrupt Enable 
1=Enabled 
0=Disabled 


Bits 0, 1 and 2 — Mode Selects—See Mode Timing Diagrams (Figs. 2, 3, 4, 5 and 6). 


Mode 1 — Timeout 
Mode 2 — Timeout Strobe 
Mode 3 — Gate Controlled One Shot 


Mode 4 — Rate Generator 
Mode 5 — Variable-Duty Cycle 


No Mode selected. Counter outputs unaffected. 


Note: When selecting a mode, the timer outputs TAO and 
TBO are set low, and TAO and TBO are set high. If bits 0, 1 
and 2 are all zero’s when the control register is loaded, no 


mode is selected, and the counter-timer outputs are 
unaffected. Issuing mode 6 will cause an indeterminate 
condition of the counter, issuing mode 7 is equivalent to 
issuing mode 5. 
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Bit 3—Gate level select—All modes require an enabling 
signal on the gate to allow counter operation. This enabling 
signal is either a level or a pulse (edge). Positive gate level 
or edge enabling is selected by writing a1” into this bit and 
negative (low) enabling is selected when bit 3 is “0”. 


Bit 4—Interrupt enable—Setting this bit to “1” enables the 
TNT output, and setting it to “0” disables it. When reset, the 
INT output is at a high level. If the interrupt enable bit in the 
control register is enabled and the counter decrements to 
zero, the INT output will go low and will not return high until 
the counter-timer is reset or the selected control register is 
written to. Example: If timer B times out, control register B 
must be accessed to reset the INT output high. If the 
interrupt enable bit is set to “0”, the counter’s timeout will 
have no effect on the INT output. 


In mode 5, the variable-duty cycle mode, the INT pin will 
become active low when the MSB in the counter has 
decremented to zero. 


Bit 5—Start/stop control—This bit controls the clock input 

to the counter and must be Set to “1” to enable it. Writing a 
“0” into this location will halt operation of the counter. 
Operation will not resume until the bit is set to “1”. 


Bit 6—Holding register control—Since the counter may be 
decrementing during a read cycle, writing a “1” into this 
location will hold a stable value in the hold register for 


MODE DESCRIPTIONS 


Mode 1: 


After the count is loaded into the jam register and the 
control register is written to with the jam-enable bit high on 
the trailing edge of the first clock after the gate is valid, TXO 
goes high and TXO goes low. The input clock decrements 
the counter as long as the gate remains valid. When it 
reaches zero, TXO goes low and TXO goes high, and if 


Le 7 


COUNTER VALUE 


|. _.-?@oritrel Reaister. ...| Register 


QGMR Oi 
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subsequent read operations. Rewriting a “1” into bit 6 will 
Cause an update in the holding register on the next trailing 
clock edge. If this location contains a “0”, the holding 
register will be updated continuously by.the value in the 
counter. 


Bit 7—Jam enable—When this bit is set to 1” during a write 
to the control register, the 16-bit value in the jam register 
will be available to the counter; TAO and TBO are reset low 
and TAO and TBO are set high. On the trailing edge of the 
first input clock signal with the gate valid this value will be 
latched in the counter, the counter outputs TAO and TBO 
will be set high and the TAO and TBO will be reset low. 
Setting bit 7 to “O” will leave the counter value unaffected. 
This location should be set to “0” any time a write to the 
control register must be performed without changing the 
present counter value. If the value in the jam register has not 
been changed, writing a “1” into bit 7 of the control register 
with zeros in bits 0, 1, and 2 (mode select) will reload the 
counter with the old value and leave the mode unchanged. If 
the value in the jam register is changed, then the next write 
to the control register (with bit 7 a “1”) must include a valid 
mode select (i.e., at least 1 of the bits 0, 1, or2 must bea‘'1”). 


In mode 3, the hardware start is enabled by writing a‘‘0” into 
bit 7. If a “1” is written to bit 7, the timeout will start 
immediately and mode 3 will resemble mode 1. 


Gate Control 


Selectable 
High or Low Level 
Enables Operation 


BUS 0 


enabled, the interrupt output is set low. Writing to the 
counter while it is decrementing has no effect on the 
counter value unless the control register is subsequently 
written to with the jam-enable bit high. After timeout the 
counter remains at FFFF unless reloaded. 


WR 
CONTROL " ; 
REGISTER /| 


GATE 


ee ee ee 
TXO ‘ 


LOAD COUNT=5 
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Fig. 2 - Timeout (mode 1) timing waveforms. 
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Timeout Strobe 
BUS 7 
Mode 2: 


Operation of this mode is the same as mode 1, except the 
Outputs will change for one clock period only and then 


COUNTER VALUE 3 z | 


CLOCK 


TXO 


* 
WRITE TO CONTROL REGISTER WITH 
MODE SELECTS=0 


Le ieee Control Register Gate Control 
x} x}x]x[xfols fo 


3 2 I 0 3 
WR 
CONTROL P Y ® ial 
REGISTER 
GATE 
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Selectable 
High or Low Level 
Enables Operation 


BUS 0 


return to the condition of TXO high and TXO low, and the 
counter is reloaded. 


a FEA PE ES ASSESSED 


LOAD COUNT =3 
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Fig. 3 - Timeout strobe (mode 2) timing waveforms. 


| Mode Control Register Gate Control 


Gate Controlled One Shot 


BUS 7 


| x}x}x]xfo} if 


Selectable 


4 Positive or Negative 


Going Edge Initiates 


-o_ Operation 


BUS 0 


Mode 3: 
After the jam register is loaded with the required value, the 


gate edge will initiate this mode. TXO will be set high, and 
TXO will be set low. The clock will decrement the counter. 
When zero is reached, TXO will go low and TXO will be 
high, and the interrupt output will be set low. The counter is 


retriggerable: While the counter is decrementing, a gate 
edge or write to the control register with the jam-enable bit 
high, will load the counter with the jam register value and 
restart the one-shot operation. 


2 \ 0 3 3 2 


COUNTER VALUE 
3 | 0 3 3 2 ! 


WR 
CONTROL 4 SY} 
REGISTER 

GATE 


INT 1 LOAD COUNT = 3 
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Fig. 4 - Gate controlled one-shot (mode 3) timing waveforms. 


CMOS Peripherals ___ 


423 
CDP1878, CDP1878C 


1 Mode Cid Control Register Gate Control 


Rate Generator 


BUS 7 


xt x}xtx]x] fo] o| 


Selectable 
High or Low Level 


Enables Operation 


BUS 0 


Mode 4: 

A repetitive clock-wide output pulse will be output, with the 
time between pulses equal to the counter’s value, (trailing 
edge to leading edge). This model is software started witha 
write to the control register if the gate level is valid. If the 
counter is written to while decrementing, the new value will 


COUNTER VALUE 


not affect the counter’s operation until the present timeout 
has concluded, unless the control register is written to with 
the jam-enable bit high. If the gate input (TAG or TBG) is 
used to start this mode. The first cycle following the gate 
going true is indeterminate. 


3 c! u 3 2 l U 3 N 
2 l ) 3 2 0 3 N 


=a 3 
WR 


CONTROL 
REGISTER 


GATE 


LOAD COUNT= 3 


Fig. 5 - Rate generators (mode 4) timing waveforms. 


Control Register Gate Control 
Peppy ye] 


Variable Duty Cycle 


BUS 7 


Mode 5: 

After the mode is initiated, the outputs will remain at one 
level until the clock decrements the least significant byte of 
the counter to N+1. The outputs will then change level and 
the counter decrements the most significant byte to N+1. 
The process will then repeat, resulting in a repetitive output 
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Selectable 
High or Low Level 
Enables Operation 


BUS 0 


with a duty cycle directly controlled by the value in the 
counter. The output period will be equal to LSB+MSB+2. 


The interrupt output will become active after the MSB is 
loaded into the counter and decrements to zero. 


.e) ) 0 2 | .e) | 


COUNTER VALUE 2 | 
2 | .e) 
CONTROL r 
REGISTER Le 
GATE 
Sean A Cd ony 
TXO LSB 
INT 


LOAD COUNT LSB *2 AND MSB=/ 


| 0) 2 | fe) | 


MSB LSB 
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Fig. 6 - Variable-duty cycle (mode 5) timing waveforms. 


Note: 


In order to avoid unwanted starts when selecting mode 3 or 
4, the gate signal must be set to the opposite level that will 


be programmed. 
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Setting the Control Register 


The following will illustrate a counter write and subsequent 
reads that places stable, accurate values on the data bus 
from the counter-timer. 


The counter is addressed and the required values are 
loaded with a write operation. The control register is 
addressed next and loaded with B9H. 


BUS7 BUS 0 


Nea Soa 
i Control Register=B9H 


Load counter with | 


Jam register Mode 1 selected 


Positive gate enabling 


Holding register continuously required 


updated by counter 


Interrupt output enabled 


Counter start 


The counter will now decrement with each input clock pulse 
while the gate is valid. Assuming the counter has not 
decremented to zero and its value is to be read without 
affecting the counter’s operation, a write to the control 
register is performed. 78H is loaded into the control 
register. 


BUS 7 BUS 0 


cotst [st sfefele 
Nc a a anne? 
Control register=78H 


Counter value Unchanged 


unaffected Counter outputs unaffected 


Freeze holding register 


The counter is addressed and read operations are per- 
formed. 


Function Pin Definition 


DB7-DB0—8-bit bidirectional bus used to transfer binary 
information between the microprocessor and the dual 
counter-timer. 

Vpp; Vss—Power and ground for device. 

AO, Ai, and A2—Addresses used to select counters or 
registers. 

TPB/WR, RD—Directional signals that determine whether 
data will be placed on the bus from a counter or the 
interrupt status register (RD active) (memory mapped), or 
data on the bus will be placed into a counter or control 
register (TPB/WR active). The following connections are 
required between the microprocessor and the counter- 
timer in the CDP1800-series input/output mapping mode. 


Microprocessor Counter-Timer 
MRD “RD 
TPB TPB/WR 
TPA TPA 


N Lines Address Lines 


and |-O/MEM to Vop. 


During an output instruction, data from the memory is 
strobed into the counter-timer during TPB when is 
active, and latched on TPB’s trailing edge. Data is read from 
the counter-timer when is not active between the 
trailing edges of TPA and TPB. (See Figs. 10, 11, and 12.) 


TACL, TBCL—Clocks used to decrement the counter. 
TAG, TBG—Gate inputs used to control counter. 

TAO, TAO—Complemented outputs of Timer A. 

TBO, TBO—Complemented outputs of Timer B. 
TNT—Common interrupt output. Active when counter 
decrements to zero. 

RESET—Active low signal that resets counter outputs 
(TAO, TBO low, TAO, TBO high). The interrupt output is 
set high and the status register is cleared. 

1-O/MEM—Tied high in CDP1800-series input/output mode, 
otherwise tied low. 

TPA—Tied to TPA of the CDP1800-series microprocessors. 
During memory mapping, it is used to latch the high order 
address bit for the chip select. In the CDP1800 input/output 
mode, itis used to gate the N lines. When the counter-timer 
is used with other microprocessors, or when the high order 
address of the CDP1800-series microprocessors is ex- 
ternally latched, it is connected to Vop. 

CS—An active high signal that enables the device. 
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CLOCK XTAL 


TACL TBCL TAG 
GATE 
INPUTS 
TBG 
TAO 
TAO 
ADDRESS TIMER 
LINES OUTPUTS 
TBO 
TBO 
MEMORY CDP I802 ae Sa 
92CM-34633 
| DATA BUS 


| Fig. 7 - Typical CDP1802 memory-mapped system. 


LATCH HI- ORDER 


| a RE F 
TPA DRESS FOR CS 
ADDRESS Hi- BYTE LOW BYTE 


DATA LATCHED 


VALIO DATA 


92CS -34634 


TPB/WR 


DATA FROM CPU 
TO COUNTER-TIMER 


Fig. 8 - CDP1800-series memory-mapping write cycle timing waveforms. 


OUTPUT ORIVERS 


RO ENABLED DISABLED 
WY 
DATA FROM y/, 
COUNTER: TIMER GY, VALID DATA 


9208-54635 


Fig. 9 - CDP1800-series memory-mapping read cycle timing waveforms. 
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GATE 
INPUTS 
TBG 
TAO 
TAO 
ADDRESS Sime 
ne OUTPUTS 
TBO 
I-0/ MEM 
INT TBO 
MEMORY CDP1802 poner er 
DATA BUS 92CM-34636 


Fig. 10 - Typical CDP1802 input/output-mapped system. 


RO | | 
N LINES | ' | 


DATA LATCHED 


TPB/WR 


DATA FROM MEMORY 
TO COUNTER-TIMER 


W 
Tae 
L 


92CM- 34637 
Fig. 11 - CDP1800-series input/output-mapping timing waveforms with output instruction. 


TPA | pe-oureur DRIVERS ENABLED 
RD | 
TPB/WR | fe oureur DRIVERS DISABLED 
N LINES | | 
DATA FROM 
COUNTER- TIMER VALID DATA 
TO MEMORY 92CM~ 34638 


Fig. 12 - CDP1800-series input/output-mapping timing waveforms with input instruction. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85° C, Vpp=5 V + 5%, 
Input ty,tf=10 ns; CL=50 pF and 1 TTL Load 


CHARACTERISTIC LIMIT UNITS 
Type | Max. 


Read Cycle Times (see Fig. 13) 


Data Access from Read 


Address Hold after Read 


Chip Select Setup to TPA 


tTime required by a limit device to allow for the indicated function. 
*Typical values are for Ta=25°C and nominal Vpp. 


READ 
— a Ge 
tor 
toa YoH 


92CM- 34639 


Fig. 13 - Read cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp=5 V + 5%, 
Input t,,tf=10 ns; C_=50 pF and 1 TTL Load 


LIMITS 
CHARACTERISTIC UNITS 
coe occ 


Write Cycle Times (see Fig. 14) 
Address Setup to Write tas 


Write Pulse Width tw 
Data Setup to Write tp 


Address Hold after Write 


Chip Select Setup to TPA 


tTime required by a limit device to allow for the indicated function. 
*Typical values are for Ta=25°C and nominal Vpp. 


TPA 


tes tay 


eae per FC 


WRITE 


Fig. 14 - Write cycle timing waveforms. 
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CMOS Real-Time Clock 


= CPU interface for use with general-purpose microprocessors 
= Time of day/calendar 

= Reads seconds, minutes, hours 

= Reads day of month and month 

a Alarm circuit with seconds, minutes or hours operation 

= Power down mode 

= Separate clock output selects 1 of 15 square wave signals 

= /nterrupt output activated by clock output and/or alarm circuit 
= Data integrity sampling for clock rollover eliminated 

= On-board oscillator 4.19 MHz, 2.09 MHz or 1.048 MHz 


@ 10 V (CDP1879) crystal operation 

4.19 MHz, 2.09 MHz, 1.048 MHz or 32 kHz @5 V 
(CDP1879C-1) crystal operation 

4.19 MHz, 2.09 MHz, 1.048 MHz or 32 kHz 
@ 10 Vor 5 V external clock operation 


= Addressable in memory space or CDP1800 series I/O mode 


= Low standby (timekeeping) voltage with external clock 


The CDP1879 real-time clock supplies time and calendar 
information from seconds to months in BCD format. It 
consists of 5 separately addressable and programmable 
counters that divide down an oscillator input. The clock 
input can have any one of 4 possible frequencies, allowing 
flexibility in the choice of crystal or external clock sources. 
Using an external 32-kHz clock source, timekeeping can be 
performed down to 2.5 V (see Standby (Timekeeping) 
Voltage Operation). 


The device can be memory-mapped for use with any 
general-purpose microprocessor and has the additional 
capability of operating in the CDP1800-series input/output 
mode. 


The real-time clock functions as a time-of-day/calendar 
with an alarm capability that can be set for combinations of 
seconds, minutes or hours. Alarm time is configured by 
loading alarm latches that activate an interrupt output 
through a comparator when the counter and alarm latch 
values are equal. 


CDP1879 MODES OF OPERATION 


OPERATION 


Fifteen selectable square-wave signals are available as a 
separate clock output signal and can also activate the 
interrupt output. A status register is available to indicate the 
interrupt source. The value in an 8-bit control register 
determines the operational characteristics of the device, by 
selecting the prescaler divisor and the clock output, and 
controls the load and alarm functions. 


A transparent “freeze” circuit precludes clock rollover 
during counter and latch access times to assure stable and 
accurate values in the counters and alarm latches. 


The CDP1879 is functionally identical to the CDP1879C-1. 
The CDP1879 has a recommended operating voltage range 
of 4to 10.5 volts, and the CDP1879C-1 has a recommended 
operating voltage range of 4 to 6.5 volts. The CDP1879 and 
the CDP1879C-1 are supplied in 24-lead hermetic dual-in- 
line side-brazed ceramic packages (D suffix) and 24-lead 
dual-in-line plastic packages (E suffix). 


FUNCTION | 


Seconds, minutes, hours, date and month counters 
Status register to identify interrupt source 


Control register to set device operation 
Seconds, minutes, hours, date and month counters 
Alarm latches for alarm time 


Tri-state interrupt output with active alarm or clock out circuitry for wake-up 


control. ; 
Data bus and address inputs are “DON’T CARE”. 


Power Down 


Interrupt 


Clock out as source 


Alarm time as source 
Either interrupt can occur during normal or power down mode 


File Number 1360 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (VpD) 
(Voltage referenced to Vss Terminal) 


CDP TGS see cg Stee Sg ANG Cee a ek a oe OS Te IAC EAE EST ROT a RARE AOL ea ene ee -0.5to +11 V 

CDOPAB (OCs 2. bist n5u wean ene wea Kenn ennekoe ee Eee w ORTEGA VEEN SS RAD AS LER aa OR a Hen ee Tae ae eee Mea keen Rd -0.5 to +7 V 
INPUT VOLTAGE RANGE. ALL INPUTS ingcie ie slaitewte ca saunas adv oie wee ie bleep eid ieee a sea atts -0.5 to Vpp +0.5 V 
DC -INPUT-CURRENT.ANY ONE INPUT i os5ccessccwacsered ee te or gek aus ee oe Mie nn ees Te CE ee bed teen stew ia eset ened +10 mA 
POWER DISSIPATION PER PACKAGE (Pb): 

For TA =-40 10: +60" C: (PACKAGE TYPE ©) wh4.cevu0teieves ac eeee bas daeatesee at aweie Hewes Cueto eee ors meee waade ds 500 mW 

For TA = +60 to +85° C (PACKAGE TYPE E) sectscs.2cvessnvarsiwieun cee ese es tavear wanda Derate Linearly at 12 mW/°C to 200 mW 

For TA: = +55 10-4 100°C (PACKAGE TYPE ©) sc ioicowe dak see ok ohare eee ued Hawk coe ee Shed etal es See eedas fe are leew enced 500 mW 

For TA =+100 to-+125° C (PACKAGE TYPE BD) v6 d4 cau eatecwwe pede cek aes a sinew eana eens Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@S) .......... cece cece cece teen e eee e ene e enna eenaas 40 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPED. Aitagi tse ted eee hens itecand Sow e netee deed te cee an ec haeees ere eee ead .... 755 to +125°C 

PACKAGE TYPE © 44 coos00s0 Giese ue heh pond Moet REw dae ee se ee aee a dee Odede bore enareraes ies eae Reuter gy Oren -40 to +85°C 
STORAGE. TEMPERATURE RANGE: (Tato) wiv sitesen as ee euelentd 24s ear etneeta Be Poa tae Chee ba ws QA ee eee ewRS -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. oo. cece ccc cece eee teeter cette eee e ee ne eee +265° C 


OPERATING CONDITIONS at Ta=Full Package-Temperature Range, unless otherwise noted. 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC | CDP1879 CDP1879C-1 UNITS 
DC Operating Voltage Range ; 
Input Voltage Range Vss Vop Vss Voo 


DC Standby (Timekeeping) Voltage* 
Ta = -40° to +85°CT 
Ta = 0° to +70°C 


Clock Input Rise or Fall Time 
Vpn = 5 V 10 
SE Ss 


“Timekeeping function only, no READ/WRITE accesses, 32-kHz external frequency source only, 
no crystal operation. 


tSee Standby (Timekeeping) Voltage Operation, Page 11. 
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D 
LOGIC - 
DAY MONTH 


AM - PM AND 
HOUR 
LOGIC 


z COMPARATOR 
SECOND = MINUTE = HOUR 
LATCH ; LATCH - LATCH 
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CLOCK OUT 
O Sienna 
INT 
@ 
RESET 
> RESE 
VoD 
Vv 
O ss 
INT. STATUS 
REGISTER 
1/0 
INTER- 
pBo-pB7 | FACE 
a | 
O 
A 
Al 
5 A2 : 
CTPA ADDRESS DECODE 
L-0/ MEM oe 
'e CONTROL LOGIC : 
A 15/¥R 
ou | 
6£8 
5 POWER DOWN 


TABLE I 


Control Register Bit Assignment 
Bit 1, 0 


Frequency 00 
Select 01 

10 

11 


32768 Hz 

1.048576 MHz 
2.097152 MHz 
4.194304 MHz 


Bit 2 
Start/Stop 


Start 
Stop 
Bit 3 

Counter/Latch Control 

“0” = Write to counter and 

disable alarm 

“1” = Write to & enable alarm 

Clock Select 

Bits 7, 6, 5, 4 

0000 — disable us 

0001 488.2 us 

0010 976.5 pus 

0011 1953.1 us 

0100 3906.2 ys 

0101 7812.5 us 

0110 15.625 ms 

0111 31.25 ms 


Fig. 1 - Real-time clock functional diagram. 


TABLE II 


[Latch Gounter seconde | 0 | 1 | 0 
| Latch, Counter Minutes |_| ot [| 1 
| Latch, CounterHours | 1 | | 
|Counter,Day | tt | | 
|Counter,Month | ot | | 


MSB of hours counters (Bit 7) is an AM-PM bit. 0 = AM; 
1 = PM. 


Status Register: Bit 7 MSB = alarm 

Interrupt Source: Bit 6 = clock 

MSB of Month Counter (Bit 7) is a Leap Year Bit 0 = No, 
1 = Yes. 
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STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C Von + 5%, Except as noted 
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| CONDITIONS LIMITS 


CHARACTERISTIC | copie CDP1879C-1 UNITS 


0, ‘40 


Output Low Drive (Sink) as sae ee =e 
Current, Data Bus & INT a eee ae a OS 


Output High Drive (Source) AG =), 8. I 8 = eet | eee] ee ee es 
Current, DataBus &INT 10H 2s [oro | io | 26 | 46 | — | — | 1 


Output Low Drive (Sink) [AOA OCS 06: 1 as 2 Oe aS 
Current, Clock Out Oe ACT 


A 
Output High Drive (Source) Fae [os | 5 [-11 |-23 | — [a1 [23 [= | ™ 
Current, Clock Out jon | 95 [0,10 | 10 | -26 | -44 | — | — | —~ [| — | 


Output Low Drive (Sink) | o4 [os | 5 | 02 | o9 | — | 02 | o9 | — 
Current, XTAL Out jos tow | 10 | o4 21 =) = = 
Output High Drive (Source) is {oss | ass | 04 | ___ois 04 | = 
Current, XTAL Out Hao 0.5 5) 8 

Output Voltage 0, 5 —— a 


Stee SS eee 

High Level VOH¢t 0, 10 10 9.9 V 

[mouiowvoun ws fee] - |e [-[-|s|-[-[= 
0.5,9.5 10 3 _ 

eee ees 

Input High Voltage 0.5,9.5 10 

fnctmrowee [ima [ave] wo | = [= | | - |= | 
Input | 0, 10 10 A 

3-State Output 0,5 0,5 +1 . 

iaiage cures ovo foo | we | — | = | ss | = | | 

Operating Current * 

Seema Clock 2 ate Te eg font Te foe 

eee ee 


| fe ee! 
Fe Re He Oe Be 
XTAL Oscillator” _32 kHz ae ee ee ee ee ee ee 
[eee 


Ps [= [= p= 
[input Capacitance on | — | — |—-|—-]s [7s [— | 5s | 75 
[Output Capacitance cour | — | — | — | — | | 1 | — |] | ° 
Maximum Gece iwe tw [=P = fe Y= a 


*Typical values are for TA = 25°C and nominal Vpp. *Operating current measured with clockout = 488.2 ws and no load; 
FOL = OH = 1 WA. ** See Table Ill and Fig. 6 for oscillator circuit information. 
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PROGRAMMING MODEL 
WRITE AND READ REGISTERS WRITE ONLY REGISTERS 
BCD FORMAT 
DB7 | DBO DB7 DBO 
SECONDS COUNTER (00-59) CONTROL REGISTER 


DBO-DB1 - FREQUENCY SELECT 
DB2 - START/STOP 


TENS 0-5 | UNITS 0-9 DB3 - COUNTER/ALARM LATCH CONTROL 
eS tt DB4-DB7 - CLOCK OUTPUT SELECT 
MINUTES COUNTER (00-59) 
DB7 DBO 
DB7 DBé6 
TENS 0-5 UNITS 0-9 
x | x UNITS 0-9 
| | . SECONDS ALARM LATCH (00-59) 
HOURS COUNTER (01-12 or 00-23) DB7 DBO 
DB7 O=AM, 1=PM 
DB6 0=24 HR, 1=12 HR : al aes | ieee ei | 
DB7 DBO MINUTES ALARM LATCH (00-59) 
. DB7 DB6 DBO 
TENS 0-3 UNITS 0-9 : 
eect ae ce le ee ee TENS 
x | x UNITS 0-9 
DAY OF MONTH COUNTER oe 
(01-28, 29, 30, 31) HOURS ALARM LATCH (01-12 or 00-23) 


DB DBO 12 HR, DB7=0 AM, 1=PM 


: 
= 24 HR, DB7=X 
| x TENS 0 or 1 | UNITS 0-9 | READ ONLY REGISTER 


aren eee! 
MONTH COUNTER 


DB7 DB6 


INTERRUPT STATUS REGISTER 
DB7=1 ALARM CIRCUIT ACTIVATE 
DB6=1 CLOCK OUTPUT ACTIVATE 


(JAN=1 DEC=12) 
DB7 0=NO LEAP YEAR 
1=LEAP YEAR 


INT. 


INT. 


D 
D 


REGISTER TRUTH TABLE 
ADDRESS ACTIVE SIGNAL BIT 3 


CONTROL REGISTER OPERATION 
me | ms | no | roars | | eatereR 


Write Seconds Counter 
Read Seconds Counter 
Write Minutes Counter 
Read Minutes Counter 
Write Hours Counter 

Read Hours Counter 

Write Date Counter 

Read Date Counter 

Write Month Counter 

Read Month Counter 
Write Seconds Alarm Latch 
Write Minutes Alarm Latch 
Write Hours Alarm Latch 
Write Control Register 
Read Int. Status Register 


“aA wm S32 OO 9000 00 0 0 OC 


1 0 
1 0 
1 1 
1 1 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 0 
1 2 
0 0 
1 1 
1 1 


ee a a Oe o> 2 a> Tl > Et ao) 
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GENERAL OPERATION 


The real-time clock contains seconds, minutes, and hours, 
date and month counters that hold time of day/calendar 
information (see Fig. 2). The frequency of an intrinsic 
oscillator is divided down to supply a once-a-second signal 
to the counter series string. The counters are separately 
addressable and can be written to or read from. 


The real-time clock contains seconds, minutes and hour 
write-only alarm latches that store the alarm time (see Fig. 
3). When the value of the alarm latches and counters are 
equal, the interrupt output is activated. The interrupt output 
can also be activated by aclock output transition. The clock 
output is derived from the prescaler and counters and can 
be one of 15 square-wave signals. The value in the read- 
only interrupt status register identifies the interrupt source. 
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Operational control of the real-time clock is determined by 
the byte in a write-only control register. The 8-bit value in 
this register determines the correct divisor for the prescaler, 
a data direction and alarm enable bit, clock output select, 
and start/stop control (see Fig. 4). 


Data transfer and addressing are accomplished in two 
modes of operation, memory mapping and I/O mapping 
using the CDP1800-series microprocessors. The mode is 


selected by the level on an input pin. (l-O/MEM). Memory 
mapping implies use of the address lines as chip selects and 
address inputs using linear selection or partial or full 
decoding methods. I/O mapping with the CDP1800-series 
microprocessors involves use of the N line outputs in 
conjunction with input and output instructions to transfer 
data to and from memory. 
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Fig. 2 - Functional diagram - time counters highlighted. 
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8- BIT DATA BUS 


COMPARATOR 


SECOND aa MINUTE ii HOUR 
LATCH i LATCH a 
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Fig. 3 - Functional diagram - alarm circuit, clock output, interrupt, and status registers highlighted. 


OPERATIONAL SEQUENCE 


Power is applied and the real-time clock is reset. This sets 
the interrupt output pin high. After the CS pinisset high and 
with address 7 on the address input lines, the control 
register is loaded via the data bus to configure the clock. 


With selective addressing, the seconds through month 
counters are then written to and loaded to set the current 
time. The real-time clock will now hold the current “wall 
clock” time, with an accuracy determined by the crystal or 
external clock used. If the alarm function is desired, the 
control register is accessed and loaded again. This new 
byte will allow subsequent time data to be entered into the 
seconds, minutes and hours alarm latches. This sequence 
is also used when selecting one of the 15 available clock-out 
signals. . 


If the alarm function was selected, the interrupt output pin 
will be set low when the values in the seconds, minutes and 
hour alarm latches match those in the seconds, minutes and 
hour counters. 


If one of the 15 sub second-to-day clock outputs is selected 
by the byte in the control register, the clock output pin 
toggles at that frequency (50% duty cycle). The interrupt 
Output will also be set low on the first clock out negative 
transition. The interrupt source (alarm or clock out) can be 
determined by reading the interrupt status register. The 
clock output can be deselected by placing zero in the upper 
nibble of the control register if the alarm function is selected 
as the only interrupt source. 


COUNTERS (See Fig. 2) 


The counter section consists of an on-board oscillator, a 
prescaler and 5counters that hold the time of day/calendar 
information. 


1 of 4 possible external crystals determine the frequency of 
the on-board oscillator (32,768 Hz, 1.048576 MHz, 2.097152 
MHz, 4.194304 MHz). The oscillator output is divided down 
by a prescaler that supplies a once-a-second pulse to the 
counters. The seconds counter divides the pulse by 60 and 
its output clocks the minute counter every 60 seconds. 
Further division by the minutes, hours, day of month and 
month counters result in 5 counters holding data that 
reflects the time/calendar from seconds to months. The 
counters are addressed separately and BCD data is 
transferred to and from via the data bus. The most significant 
bit of the hours counter (Bit 7) is user programmed to 
indicate AM or PM and will be inverted every 12th hour. (0= 
AM, 1= PM). Bit 6 of the hours counter is user programmed 
to enable the hours counter for 12 or 24 hour operation. (0= 
24, 1= 12). If 24-hour operation is selected, the AM-PM bitis 
“don’t care”, but still toggles every 12th hour. Writing to the 
seconds counter resets the last 7 stages of the prescaler, 
allowing time accuracy to approximately 1/100 of asecond. 


The most significant bit of the month counter is a Leap Year 
bit. If itis set to “1”, the counter will count to February 29, 
then roll to March 1. If set to “O” it will go to March 1st after 
February 28th. 
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Fig. 4 - Functional diagram - control register highlighted. 


ALARM AND INTERRUPT STATUS REGISTER (See Fig. 3) 


The alarm circuit consists of 1) seconds, minutes and hour 
alarm latches that hold the alarm time, 2) the outputs of the 
seconds, minutes and hour counters, and 3) a comparator 
that drives an interrupt output. The comparator senses the 
counter and alarm latch values and activates the interrupt 
output (active low) when they are equal. 


The write-only alarm latches have the same addresses as 
their comparable counters. Bit 3 in the control register 
determines data direction to the latches or counters and 
alarm enabling. For example, during a write cycle, if bit 3in 
the control register is a “1”, addressing the seconds counter 
or alarm latch will load the seconds alarm latch from the 
data bus and will enable the alarm function. Conversely, if 
bit 3in the control register is a “0”, addressing the seconds 
counter or alarm latch during a write cycle will place the 
value on. the data bus into the seconds counter and will 


disable the alarm function. The interrupt output can be 
activated by the alarm circuit or the clock output. When an 
interrupt occurs, the upper two bits of the interrupt status 
register identify the interrupt source. The interrupt status 
register has the same address as the control register. 
Addressing the interrupt status register with the RD line 
active will place these register bits on the data bus. Bits 0-5 
are held low. A “1” in bit 6 represents a clock output 
transition as the interrupt source. A “1” in bit 7 will identify 
the alarm circuit as the interrupt source. 


Activating the reset pin (active low) resets the hour latch to 
“30” which prevents a match between alarm and time 
registers during an initialization procedure. Activating the 
reset pin or writing to the control register resets the 
interrupt output (high) and clears the interrupt status 
register. 
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CLOCK OUTPUT (See Table I and Fig. 3) 


One of 15 counter and prescaler overflows can be selected 
as a 50% duty cycle output signal that is available at the 
“clock out” pin. The frequency is selected by the upper 
nibble in the control register. For example, selecting a one- 
second clock output will result in a repetitive signal that will 
be high for 500 ms and low for the same period. The high-to- 
low transition of the output signal will set the clock bitin the 
status register and activate the interrupt output. The level of 
the ‘clock out” signal is derived from the value in the 
counter. Example: if hours clock is selected and the minutes 
counter holds 4 minutes, the clock out will be low for 26 
minutes and high’for 30 minutes. Thereafter, the clock out 
will toggle at a 50% duty cycle rate. 


CONTROL REGISTER (See Table I and Fig. 4) 
BIT BIT 


ARR eA ee eee 


CONTROL REGISTER BYTE 


The 8-bit value in the control register determines the 

following: 

1. BitOand 1— Frequency Select — Since there are one of 
4 possible crystals the oscillator in the real-time clock 
can operate with, these bit levels determine the prescaler 
divisor so that an accurate one second pulse is supplied 
to the counter series string. 


BIT 1 BIT 0 FREQUENCY 
0 0 32,768 Hz 
0 1 1.048576 MHz 
1 0 2.097152 MHz 
1 1 


4.194304 MHz 


2. Bit 2 — Start-Stop Control — Counter enabling is 
controlled by the value at this location. A “1” will allow 
the counters to function and a “0” in this location will 
disable the counters. 
3. Bit 3 — Counter/Latch Control — The level at this 
location controls two functions. It is required since the 
counters and alarm latches have the same addresses. 
1) A“O’ in bit 3 will direct subsequent data to or from 
the counter selected and the alarm function will be 
disabled. 

2) A“1” in bit 3 will direct subsequent data to or from 
the alarm latch and will enable the alarm. 

4. Bits 4to 7 — Clock Select — These bits select one of 15 
square-wave signals that will be present at the “clock- 
out” pin. If bits 4 to 7 are zero’s, the clock output pin will 
be high. If aclock is selected, the first high-to-low clock 
out transition will activate the interrupt pin (active low) 
and place a “1” in bit 6 of the status register. Writing to 
the control register or activating the reset pin will set the 
interrupt pin high and reset the interrupt status register. 


Normal operation requires the control register to be written 
to and loaded first with a control word. However, subsequent 
writing to a counter if a “clock out” is selected may causean 
interrupt out signal. Therefore, “clock-out”’ should be 
deselected by writing zero’s into bits 4 through 7 if the 


437 
CDP1879, CDP1879C-1 


interrupt is used. When the counters are loaded, the control 
register is again written to with the value in the upper nibble 
selecting the “clock out” signal. See Table I. 


READ AND WRITE SIGNALS 


When the |-O/MEM pinis low, the real-time clock is enabled 
for memory mapped operation. Data on the bus is placed in, 
or read from acounter, alarm latch or register by 1) placing 
the CS pin high, 2) selective addressing, 3) placing the 
TPB/WR pin low during a write cycle with the RD pin high or 
4) setting the RD pin low during a read cycle with the 
TPB/WR pin high. 


The I/O mapping mode used with the CDP1800 series 
microprocessor is selected by setting the I-O/MEM pin 
high. The TPB/WR pin on the real-time clock is connected 
to the TPB output pin of the microprocessor. Data on the 
bus is written to or read from the counters, latches and 
registers by 1) placing the CS pin high, 2) selective 
addressing utilizing the microprocessor N lines and |/O 
instructions, 3) placing the TPB/WR pin high with the RD 
pin low during an output or write operation (data is latched 
on TPB's trailing edge), 4) setting the RD line high during an 
input or read operation. Data is placed on the bus by the 
real-time clock between the trailing edges of TPA and TPB. 


FREEZE CIRCUIT 


Since writing to or reading from the counters or alarm 
latches is performed asynchronously, the once-a-second 
signal from the prescaler may pulse the counter series 
string during these operations. This can result in erroneous 
data. To avoid this occurring, a transparent “freeze” circuit 
is incorporated into the real-time clock. This circuit is 
designed to trap and hold the one-second input clock 
transition if it occurs during access times. When the 
Operations are completed, it is inserted into the counter 
series string. To utilize the “freeze” circuit, address “1” (AO = 
1, A1 = 0, A2 = 0) is selected first while performing a write 
Operation. Read or write accesses may now be performed 
with assurance the data is stable. All operations must be 
concluded within 250 ms of the address “1” access. If 
memory mapping any dummy write operation after selecting 
address “1” will set the “freeze” circuit. if using the !/O 
mode, a 61 output instruction will perform the same 
function. There is no time restriction on subsequent 
accesses as long as the read or write operations are 
preceded by selecting address ‘‘1”. 


POWER DOWN 


Power down operation is initiated with a low signal on the 
“POWER DOWN’ input pin. In conjunction with the interrupt 
Output, it is used to supply external control circuits with a 3 
level control signal. The operating current is not appreciably 
reduced during “POWER DOWN” operation. When power 
down is initiated, any inputs on the address or data bus are 
ignored. Theclock output is set low. The interrupt output is 
tri-stated. If enabled previously, the alarm circuitry is active 
and will set the interrupt output pin low when alarm time 
occurs. The interrupt output will also go low if a clock was 
selected and an internal high-to-low transition occurs 
during power down. Theclock output pin will remain low. If 
power down is initiated in the middle of a read or write 
sequence, it will not become activated until the read or write 
cycle is completed. 
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PIN FUNCTIONS 


Vop, Vss — Power and ground for device. 


DBO — DB7 — DATA BUS — 8-bit bidirectional bus that 
transfers BCD data to and from the counters, latches and 
registers. 


AO, A1, A2 — Address inputs that select a counter, latch or 
register to read from or write to. 


TPA — Strobe input used to latch the value on the chip 
select pin. CS is latched on the trailing edge of TPA. During 
memory mapping, it is used to latch the high order address 
bit used for the chip select. When the real-time clock is used 
with other microprocessors, or when the high order address 
of the CDP1800 series microprocessor is externally latched, 
it is connected to VDD. In the input/output mode, itis used to 
gate the N lines. 


1-O/MEM — Tied low during memory mapping and high 
when the input/output mode of the CDP1800 series 
microprocessor is used. 


RD, TPB/WR — DIRECTION SIGNALS — Active signals 
that determine data direction flow. In the memory mapped 
mode, data is placed on the bus from the counters.or status 
register when RD pin is active. 


Data is transferred to a counter, latch or the control register 
when RD is high and TPB/WR is active and latched on the 
trailing edge (low to high) of the TPB/WR signal. 


In the input/output mode, data is placed on the bus froma 
counter or status register when RD is not active between the 
trailing edges of TPA and TPB. Data on the busis written to 
acounter, latch, or the control register during TPB when RD 


is active and latched on TPB’s trailing edge. The following 
connections are required between the microprocessor and 
real-time clock in the CDP1800 series I/O mode. 


MICROPROCESSOR REAL-TIME CLOCK 


MAD witsSscadaet anes RD 

TPB icine ceense es TPB/WR 

TP Aisxiet osetia wanes TPA 

NWLINES awoke tiacien ADDRESS LINES 
I-O/MEM ............ VoD 


CS — CHIP SELECT — Used to enable or disable the inputs 
and outputs. TPA is used to strobe and latch a positive level 
on this pin to enable the device. 


XTAL AND XTAL — The frequency of the internal oscillator 
is determined by the value of the crystal connected to these 
pins. “XTAL” may be driven directly by an external frequency 
source. 


CLOCK OUT — 1 of 15 square wave frequencies will appear 
at this pin when selected. During power down, this pin will 
be placed low, and will be high during normal operation 
when the clock is deselected. 


POWER DOWN — POWER DOWN CONTROL — A low on 


this pin will place the device in the power down mode. 


INT — Interrupt Output — A low on this pin indicates an 


active alarm time or high-to-low transition of the “clock out” 
signal. 


RESET — A low on this pin clears the status register and 
places the interrupt output pin high. 


FREQUENCY INPUT REQUIREMENTS 


The Real-Time Clock operates with the following frequency 
input sources: 

1. An external crystal that is used with the on-board 
oscillator. The oscillator is biased by a large feedback 
resistor and oscillates at the crystal frequency (see Fig. 
6, Table Ill). 


2. An external frequency input that is supplied at the 
XTAL input. XTAL is left open (see Fig. 5). A typical 
external oscillator circuit is shown in Fig. 7 in section, 
“Standby (Timekeeping) VOLTAGE OPERATION”. 


TABLE III - Typical Oscillator Circuit Parameters for Suggested Oscillator Circuit, see Fig. 6 


4.197 MHz 2.097 MHz 


PARAMETERS 


1.049 MHz sr Hz* 


UNITS 


wa 
ee ps 
es a a 
(Grystalimpedance| 73 —=S=S=~i SSC“‘CSC(#OOSCOC#C~*‘~éSK(max)y»”~=«*s=<“‘za 


*CDP1879C-1 only. 
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FREQUENCY INPUT REQUIREMENTS (Cont'd) 
Design Considerations for Stable Crystal Oscillation 2. Asignal line or power source line must not cross or go 


near the oscillator circuit line. 
3. Itis advisable to put a 0.1-microfarad capacitor between 
VDD and Vss of the CDP1879. 


1. Stray capacitances should be minimized for best 
oscillator performance. Circuit board traces should be 
kept to a maximum of 1 inch, and there should be no 
parallel traces. 


COPI879 
CDPI879 


XTAL | PIN23 


XTAL EXTERNAL 
PIN2S << FREQUENCY 
SOURCE 
PARALLEL 
RESONANT 
CRYSTAL 
f or 
| 92CS- 36886 92CS-36865RI 
| 
| Fig. 5 - Connections for an external-frequency source Fig. 6 - Suggested oscillator circuit applied to real-time 
| applied to real-time clock. clock (see Table II11). 


| STANDBY (TIMEKEEPING) VOLTAGE OPERATION pO 


When any one of the four specified crystals is used with the | clock source must be supplied at the XTAL input (see Fig. 
on-board oscillator, the Real-Time Clock can operate ata 7). Thestandby requirements for CHIP SELECT/DESELECT 
minimum of 4 volts VDD. However, at 32 kHz the clock will are listed in Table IV, and Fig. 8 indicates the timing 
run (timekeeping only, no device READ/WRITE accesses) waveforms. Fig. 9 illustrates the typical timekeeping curve 
down to 3 volts at -40° to +85°C and 2.5volts atO° to+70°C. over the full temperature range. 

| To achieve this low voltage operation, an external 32-kHz 


1/3 CD54/ 74HCO4 CDP1879 


92CS- 37290 


Fig. 7 - Typical external clock-source circuit. 


Table IV - Standby (Timekeeping) Characteristics at Full-Temperature Range 


LIMITS 


Peta eae INIT os ee eed 
VDD VSTBY CDP1879 : CDP1879C-1 
W) (V) | Min, | Max. | Min. | Max. | 


Chip Deselect to stancby ' dic Yas 2 
recovery to Normal 2. 5, 3 2 
a Oe ee ae 


CHARACTERISTIC UNITS 
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STANDBY (TIMEKEEPING) VOLTAGE OPERATION (Cont'd) 


VOLTAGE MODE 


0.95 Vpop 


cs 


Mtr te DMs 
92CM-37291 


Fig. 8 - Standby (timekeeping) voltage- and timing-waveforms. 


EXTERNAL CLOCK SOURCE OF 32 kHz 
TYPICAL STANDBY ( TIMEKEEPING) VOLTAGE : 
3V(-40°C s Ts + 85°C) 

2.5V (O°C<Ts+ 70°C) 


Vpp) 
ul + 


Nn 
SCeesenases .essese 


STANDBY (TIMEKEEPING) VOLTAGE — V 
(VsTBY 


-20 0 20 40 60 80 100° 
FULL- TEMPERATURE RANGE - °C 
92CS~ 37292 


Fig. 9 - Typical standby (timekeeping) voltage vs. full-temperature range. 


APPLICATIONS | 


A typical application for this real-time clock is as a wake-up 
control to a CPU to reduce total system power in inter- 
mittent-use systems. A hookup diagram illustrating this 
feature is shown in Fig. 10. In this configuration, the alarm 
and power-down features of the CDP1879 are utilized in the 
control of the sleep and wake-up states of the CPU. A 
typical shut-down/start-up sequence for this system could 
proceed as follows: 

1. The CPU has finished a current task and will be inactive 
for the next six hours. 

2. The CPU loads the CDP1879 alarm registers with the 
desired wake-up time. 

3. The CDP1800 Q output is set high, which stops the 
CPU oscillator (as an alternative, in an NMOS system, 
power to all components except the clock chip could be 
shut off). 

4. This Q output signal is received by the CDP1879 as a 

power-down signal. 

. The CDP1879 tri-states the interrupt output pin. 

. The CDP1879 eventually times out, and sets an alarm 

by driving the INT output low. 

7. The alarm signal resets the CPU (to avoid oscillator evceoe bens 
start-up problems) and flags the processor for a warm- 
start routine. 

8. The CPU, once into its normal software sequence, Fig. 10 - CPU wake-up circuit using the CDP1879 real-time clock. 
writes to the CDP1879 control register to reset the 
interrupt request. 


oO ur 
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APPLICATIONS (Cont'd) 


MAO 
MAI 
MA2 
MA7 


ADDRESS 
LINES 


A2 
CS I-0/MEM 


CDPI879 
MEMORY CDPI802 DBO - DB7 


DATA BUS 


92CM-34909 


Fig. 11 - Typical CDP1802 memory-mapped system. 


LATCH HI- ORDER 


ADDRESS FOR CS 
TPA 
ADDRESS HI- BYTE LOW BYTE 


DATA LATCHED 


TPB/WR 


DATA FROM CPU 
TO REAL TIME 
CLOCK 


VALID DATA 


92CS-343910 


Fig. 12 - CDP1800-series memory-mapped write-cycle timing waveforms. 


ADDRESS HI-BYTE LOW BYTE 


OUTPUT DRIVERS 


RD ENABLED DISABLED 
DATA FROM REAL ee 
TIME CLOCK TO i, VALID DATA 
CPU LZ 


92CS-34911 


Fig. 13 - CDP1800-series memory-mapped read-cycle timing waveforms. 
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APPLICATIONS (Cont'd) 


XTAL. XTAT 


CDOPI879 
080-087 


- MEMORY COPI802 


92CM- 34905 


Fig. 14 - Typical CDP1802 input/output-mapped system. 


RO | | 
N LINES | | 


DATA LATCHED 


TPB/WR 


if 
DATA FROM MEMORY t/, 
TO REAL TIME CLOCK ZY VALID DATA 


92CM- 34906 


Fig. 15 - CDP1800-series input/output-mapping timing waveforms with output instruction. 


TPA | fe-oureur DRIVERS ENABLED 
RD | 
TPB/WR | fe ourrur DRIVERS DISABLED 


N LINES | | 
DATA FROM REAL TIME 
CLOCK TO MEMORY VALID DATA 
92CM-34907 


Fig. 16 - CDP1800-series input/output-mapping timing waveforms with input instruction. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, 


Input ty,t¢ = 10 ns, CL = 50 pF 
CHARACTERISTIC UNITS 
Read Cycle Times (see Fig. 17) 0 a [a 
a ee 
mere ee 
Data Access from Read eee 
Address Hold after Read tRH pee dee Wey oe | 
Output Hold after Read tDH if ae = 
Chip Select Setup to TPA tCs . te =e 


tTime required by a limit device to allow for the indicated function. 


are 
oO 
= 
~ 
>) 


ns 


TPA 


nai fF 


92CM- 34639 


Fig. 17 - Read-cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, 


Input t,,t¢ = 10 ns, C_ = 50 pF 
LIMITS 
Vpp CDP1879 CDP1879C-1 


(V) ; 


CHARACTERISTIC UNITS 


Write Cycle Times (see Fig. 18) 


Address Setup to Write tAS 
“Write Pulse Width tWR 
Data Setup to Write tDs 
Address Hold after Write tAH 
Data Hold after Write tWH 


Chip Select Setup to TPA tcs 


tTime required by a limit device to allow for the indicated function. 


TPA 


le tes tana 


oe eee CO 


eee as 


Fig. 18 - Write-cycle timing waveforms. 


92CM- 34908 
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Features 


0 oOo ODN HDD fF UWBNDw —- 
a 


TOP VIEW 
92CS- 34998RI 
CDP1881, CDP1881C 
TERMINAL ASSIGNMENT 


The RCA-CDP1881 and CDP1882 are CMOS 6-bit memory 
latch and decoder circuits intended for use in CDP1800 
series microprocessor systems. They can interface directly 
with the multiplexed address bus of this system at maximum 
clock frequency, and up to four 4K x 8-bit memories to 
provide a 16K-byte memory system. With four 2K x 8-bit 
memories an 8K-byte system can be decoded. 


The devices are also compatible with non-multiplexed 
address bus microprocessors. By connecting the clock 
input to VDD, the latches are in the data-following mode and 
the decoded outputs can be used in general-purpose 
memory-system applications. 


MAXIMUM RATINGS, Abso/lute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpb) 
(Voltage referenced to Vss terminal) 


CDPIS81:and COP1882 cise ivsicw ic bbG detains cae ee ey ene w Keone ee5 


INPUT VOLTAGE RANGE, ALL INPUTS ............ 00. e eee eee ee 
DC INPUT CURRENT, ANY ONE INPUT ............. 2. cee ee ee eens 


POWER DISSIPATION PER PACKAGE (Pb): 


For TA = -40 to +60°C (PACKAGE TYPE E) ..........00eeeeeeeees 
For Ta = +60 to +85°C (PACKAGE TYPE E)..........c0eeeeeeeees 
For TA -55 to +100°C (PACKAGE TYPE D) .......... 00sec ences 
For Ta = +100 to 125°C (PACKAGE TYPED) ..........00eeec eee. 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


a Performs memory address latch and 
decoder functions multiplexed or 
non-multiplexed 

Decodes up to 16 K-bytes of memory 

Interfaces directly with CDP1800- 
series microprocessors at 
maximum clock frequency 

= Can replace existing CDP1866 and 

CDP1867 (upward speed and 
function capability) 


CMOS 6-Bit Latch and Decoder 
Memory Interfaces 


| 
2 
3 
4 
5 
6 
7 
8 
9 


TOP VIEW 
92CS-34999 


CDP1882, CDP1882C 
TERMINAL ASSIGNMENT 


The CDP1881 and CDP1882 are intended for use with 2K or 
4K-byte RAMs and are identical except that in the CDP1882 
MWR and MRD are excluded. 


The CDP1881 and CDP1882 are functionally identical to the 
CDP1881C and the CDP1882C. They differ in that the 
CDP1881 and CDP1882 have a recommended operating . 
voltage range of 4 to 10.5 volts and their C versions have a 
recommended operating voltage range of 4 to 6.5 volts. 


The CDP1881 and CDP1882 are supplied in 20-lead and - 
18-lead packages, respectively. The CDP1881 is supplied 
only in a dual-in-line plastic package (E suffix). The 
CDP1882 is supplied in dual-in-!ine, hermetic side-brazed 
ceramic (D suffix) and in plastic (E suffix) packages. 


fee eit ge clea Siti dh wisn erg renders ary Sane Wigan a ies Deeg Rees Gat Bie erae 500 mW 


For TA = FULL PACKAGE-TEMPERATURE RANGE (AII Package Type@S) .......... ccc cece ee cece ee eee een eee nett ee eee 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPED 244 sw c iis Hiei eenee cea e eh sae FAR aes 
PACKAGE TYREE cd icnisr echt nes euneed ee er uened dete taae 
STORAGE-TEMPERATURE RANGE (Tstg) ........ 0c eee eee eee 


LEAD TEMPERATURE (DURING SOLDERING): 


uN dcictlainls totctine sees. SS tarsc ts rawe Ges tate be Peak tid MAN ARE MN ek as Naik Lane -55 to +125°C 
cake a Pee Asan as wis bed cae Eo alan Cote Se le HH Sea nay lang a Sees eh GS -40 to +85°C 
plate csls toate nie Gstaad Ak heat Ee Gat AO une el aap une’ -65 to +150°C 


At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from Case fOr 1D S MAX. . 0... ccc ce ce ee ee ence ee eee nent eee ene +265°C 


File Number 1367 
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OPERATING CONDITIONS at TA = Full Package-Temperature Range. 
For maximum relibility, operating conditions should be selected so that operation is always within the following ranges: 


| LIMITS 


CHARACTERISTIC: 


DC Operating Voltage Range 


Input Voltage Range 


STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VoD + 5%, Except as noted 


| CONDITIONS LIMITS 


CDP1881 CDP1881C 
CDP1882 CDP1882C 
Quiescent Device 0,5 10 BEES 
Sar 
Output Low Drive 0.4 | 05 16 | 32 peta tt 
Output High Drive 46 | 0,5 -1.15 | -2.3 aed 
(Source) Current JOH a ieleeee) re 
Output Voltage 0,5 0.1 0.1 
gan Bell a a 
Output Voltage 0.5 4.9 49 MP 
pas melee tel ed tele 
Input Low 0.5, 4.5 MMi 
rn hehe 
Input High 0.5, 4.5 | ea 
a Re 
Input Leakage Bee 
Pa eee 


Input | Input Capacitance CIN jp ET 


Output Capacitance CouT © 
0,5 0,5 
0,10 | 0,10 


Operating Device 
VDD = VDR 


CHARACTERISTIC 


Current Ipp1 A 
Minimum Data 


Retention Voltage VDR 


Data Retention 
VoD =2.4V 
Current IDR 


“Typical values are for TA = 25°C. 

TIOL = IOH = 1 WA. 

AOperating current is measured at 200 kHz for VOD = 5 V and 400 kHz for VDD = 10 V, with outputs open circuit. 
(Equivalent to typical CDP1800 system at 3.2 MHz, 5-V; and 6.4 MHz, 10-V). 
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mao (7) > DQ >—{19) A8 MAO (7) = DQ >—(17) as 
c C 
mal (6) > Bee h>—{i8) as Mat (6) > al Q h>—(16) ao 
mA2(5) B le  >—{7) aio mA2 (5) ie ae >—(i5) Alo 
ma3 (4) > gee h>—(6) ait MA3 be: me >—(14) al 
MA4 (3) 2: aie His ce 4 ai MA4(3) > ai ete aS 
G=—F oe ayaa a St 
Mee fee Tt be Om Coma He el | De es 
clock (1)}-—{> Le po (2) C83 cLock(1) S me: oo) &3 
MRD (8)—d > 
— i) Vop * : NV) = (18) 
oe Vss* © sO ees ae 
CE (11) ee, g2cs- 35000 
Fig. 1 - Functional diagram for the CDP1881, CDP1881C. Fig. 2 - Functional diagram for the CDP1882, CDP1882C. 


TRUTH TABLES for the CDP1881, CDP1881C and CDP1882, CDP1882C. 


INPUTS OUTPUTS 


1 1 
PREVIOUS STATE 


1 1 X X X X 1 1 1 1 
X X 1 X X X 1 1 1 1 
0 X 0 1 0 0 0 1 1 1 
0 X 0 1 1 0 1 0 1 1 
0 X 0 1 0 1 1 1 0 1 
0 X 0 1 1 1 1 1 1 0 
0 X 0 9) X X PREVIOUS STATE 

X 0 0 1 0 0 0 1 1 1 
X 0 0 1 1 0 1 0 1 1 
X 0 0 1 0 1 1 1 0 1 
X 0 0 1 1 1 1 0 
X 0 0 0 X X 


ACDP1881, CDP1881C Only 


OUTPUTS 


A8, AQ, 
A10, A11 


INPUTS 


MAO, MA1, 


PREVIOUS 


Logic 1 = High, Logic 0 = Low, X = Don't Care 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Vpb + 5%, tr, tt = 20 ns, 
ViH = 0.7 VDD, ViL = 0.3 VoD, CL = 100 pF, See Fig. 3. 


LIMITS 
er CDP1882 | CDP1881C, CDP1882C UNITS 


CHARACTERISTIC 


Minimum Setup Time, 
Memory Address to CLOCK, 10 


Memory Address After CLOCK 


Minimum CLOCK Pulse Width 


Propagation Delay Times: 
Chip Enable to Chip Select 


MRD or MWR to Chip Select” ns 


CLOCK to Chip Select 


CLOCK to Address 


Memory Address to Chip Select 


Memory Address to Address 


eTypical values are for TA = 25°C. 
AMaximum limits of minimum characteristics are the values above which all devices function. 
*For the CDP1881 and CDP1881C types only. 


VALID CHIP ENABLE 
RT = 


(a) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY 


MAO- MAS Re ee Ga, 
Limes [| P| 
CLOCK 
‘MACS alms 
C50, O51, CS2,C Re Gea tae 
MAA 
Ae -All —— 


(c) MEMORY ADDRESS SETUP AND HOLD TIME 
92CM—- 37295 


Fig. 3- CDP1881 and CDP1882 timing waveforms. 
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CDP1881, CDP1881C, CDP1882, CDP1882C 


SIGNAL DESCRIPTIONS/PIN FUNCTIONS 


CLOCK: Latch-Input Control - a high at the clock input 
will allow data to pass through the latch to the output pin. 
Data is latched on the high to low transition of the clock 
input. This input is connected to TPA in CDP1800-series 
systems. 


MAO-MA3: Address inputs to the high-byte address 
latches. 


MA4,MAS: High-byte address inputs decoded to produce 
chip selects CSO - CS3. 


MRD,MWR: MEMORY READ (MRD) and MEMORY WRITE 
(MWR) signal inputs on the CDP1881, CDP1881C. A low at 
either input, when the CE pin is low, will enable the decoder 
chip select outputs (CSO - CS3). 


‘CE: CHIP ENABLE input - a low at the CE input of 


CDP1882, CDP1882C will enable the chip select decoder. A 
low at the CE input of CDP1881, CDP1881C, coincident 
with a low at either the MRD or MWR pin, will enable the 
chip select decoder. A high on this pin forces CSO, CS1, 
CS2, and CS3 to a high (false) state. 


A8-A11: Latched high-byte address outputs. 


CS0-CS3: One of four latched and decoded Chip Select 
outputs. 


Vop, Vss: Power and ground pins, respectively. 


TPA TPA 


CDPI800 CDPI833 
SERIES IKx8 
CPU ROM 


A7 MAO - MAS AQ-A7 


ADDRESS BUS | 
7 - 


APPLICATION INFORMATION 


The CDP1881 and CDP1882 can interface directly with the 
multiplexed address bus of the CDP1800-series 
microprocessor family at maximum clock frequency. A 
single CDP1881 or CDP1882 is capable of decoding up to 
16K-bytes of memory. 


The CDP1881 is provided with MRD and MWR inputs for 
controlling bus contention, and is especially useful for 
interfacing with RAMs that do not have an output enable 
function (OE). Fig. 4 shows the CDP1881 in a minimum 
system configuration which includes the CDP1833 ROM 
(1K x 8) and the CDM6117A RAM (2K x 8). The CDP1881, in 
this example performs the following functions: 


(1) Latch and decode high-order address bits for use as 
chip selects. eu pare 

(2) Gate chip selects with MRD and MWR to prevent bus 
contention with the CPU. 

(3) Latch high-order address bits A8 to A11. 


A system using the CDP1882 is shown in Fig. 5. The 
CDP 1882 performs the memory address latch and decoder 
functions. Note that the RAM has an output enable (OE) pin 
which eliminates the need for MRD and MWR inputs on the 
latch/decoder. Instead, the MRD line is connected directly 
to the RAM output enable (OE) pin. 


In Fig. 6 the CDP1882 is used to decode a 16K-byte ROM 
system consisting of four CDM5332s. 


(2) CDOM6I17A 
4Kx8 


92CM-37294 


* CEa = CE. RAM No.1 
CEg=CE RAM No 2 


Fig. 4- Minimum 1800-system using the CDP1881. 
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CDP1881, CDP1881C, CDP1882, CDP1882C 


WATT 
TPA 


CDPI800 ADDRESS BUS 


SERIES 
CPU 


COP1882 
LATCH/ 
DECODER 


TO OTHER 
CHIP SELECTS 


CLK 
ce 


DATA BUS 
92CM- 36399RI 


Fig. 5 - CDP1800-series system using the CDP1882. 


COPI882 
LATCH/ 
DECODER 


ADDRESS BUS 


A8 -All 


$2 


ADDRESS BUS 


CDPIB00 CDM5332 CDM5332 COMS332 
Sou 4Kx8 4Kx8 4kKx8 
ROM ROM ROM 


DATA BUS 
Fig. 6 - 16K-byte ROM systems using the CDP1882. 92CM-37293 
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CDP1883, CDP1883C 


CMOS 7-Bit Latch and Decoder 
Memory Interfaces 


Advance Information/ 
Preliminary Data 


Features: 

= Performs memory adaress latch and 
decoder functions multiplexed or 
non-multiplexed 

ws Interfaces directly with the CDP1800- 
series microprocessors 

= For upgrading existing CDP1866, CDP1867, 
CDP1881, and CDP1882 systems for increased 
memory capacity 

u Allows decoding for systems up to 32K bytes 


t 
2 
3 
4 
5 
6 
7 
8 
9 
0 


TOP VIEW 
92CS-37283 


CDP1883, CDP1883C 
TERMINAL ASSIGNMENT 


The RCA-CDP1883 is a CMOS 7-bit memory latch and 
decoder circuit intended for use in CDP1800-series micro- 
processor systems. It can serve as a direct interface 
between the multiplexed address bus of this system and up 
to four 8K x 8-bit memories to implement a 32K-byte 
memory system. With four 4K x 8-bit memories, a 16K-byte 
system can be decoded. 


The CDP1833 is compatible with CDP1800-series micro- 
processors operating at maximum clock frequency. 


The CDP1883 and CDP1883C are functionally identical. 
They differ in that the CDP1883 has a recommended 
operating voltage range of 4 to 10.5 voits and the C version 
has a recommended operating voltage range of 4 to 6.5 | 


volts. 


The CDP1883 and CDP1883C are supplied in 20-lead, dual- | 
in-line plastic packages (E suffix). 


The device is also compatible with non-multiplexed address 
bus microprocessors. By connecting the clock input to Vpp, 
the latches are in the data-following mode and the decoded 
outputs can be used in general-purpose memory-system 
applications. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY—VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss terminal) 


GOP NEGSs ora inate adwimd dear ek ees Geawtetane then de os aimee te vous SU PRONE pamela abe cedh andes occa hangs -0.5to +11 V 
CDP UCSS Gacy chn att cut a areca nine dared tee ea lala Seid testa toe Lethe a aeredina ene aaa tae Waar bed ee a ahcwandS ie ae Groh dS Wi BS peg Rae rym esa uh oa BRE ae -0.5to +7 V 
INFUT VOLTAGE RANGESALG INPUTS ake ostewearewe dees eaters tend awh eed Nae Ka Goendd Eaten e waar ss -0.5 to Vpp +0.5 V 
DG INPUT. CURRENT, ANY ONEINPUT ¢occemscas «gaint Gobi ia cae eh alte ees Lied tied eae eee eradea ch ale alia tues +10mA 


POWER DISSIPATION PER PACKAGE (Pp): 
For Ta=-40 to +60°C (PACKAGE TYPE E) 
FOr I A=*60104+85° C4 PACKAGE TYPE E)y cc.s02 tw etd te be Pea EGU eas 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


SD 


FOr TL A=FULL PACKAGE-TFEMPERATURE RANGE. oi scncx teemem nds ou taes eee eA WEE e GA Soe ee eRe aaa eee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
FAGKAGE EY PEE tevin otstennde ier ncterteeies aes eines een eine aee ead eee aioe dee Paseo tees Oe e -40 to +85°C 


STORAGE-TEMPERATURE RANGE (Tgtg) «- 1... secre ence enn en enn e nn enn e nent teens -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10s max. +265°C 


CD 
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OPERATING CONDITIONS at Ta=Full Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 
CDP1883 CDP1883C 
6.5 
VDD 


CHARACTERISTIC UNITS 


DC Operating Voltage Range 
Input Voltage Range 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, Except as Noted 


CONDITIONS LIMITS 
CHARACTERISTIC Voo CDP1883 CDP1883C UNITS 
| (Vv) | (V)_ | (V)_[ Min. |Typ.* | Max. | Min. | Typ.* | Max. | 


Quiescent Device 0,5 5 1 10 5 50 
Current lpp |= fatto] wo |= | io fo] = | * | | 
Output Low Drive 0.4 0, 5 1.6 3.2 
iri) Caron [os oro| io faz fos] - ||" |— | 
Output High Drive 4.6 0, 5 -1.15 | -2.3 1.15 | -2.3 
Source) Gurren mw | os |u| [as|as)- [| ~ | — | 
Output Voltage 0,5 0.1 0.1 
poate va EEC REEL 
Output Voltage 0, 5 ee 4.9 feaieee 

0.5, 4.5 a ee) 1.5 
roo 5 al Ee Bal de a 

0. 5. 4 5 35 

oo a 


aay 0,5 +1 +1 
np Lesage Cure m {ino jevro| wo | — | — | 2] = | = | =| 
Input Capacitance Cin ee al ee 8 ee F 
Output Capacitance Cour ee tO. te) | Oe ae 
dai mie t tte 
Current Ipp1A 0, 10 0, 40 10 


Minimum Data 
Vpp = V 2.4 V 
Retention Voltage Vor | voosve | - | 2 [24] — | 2 | 24 
Data Retentio 
mye Vop=2.4V 0.01 | 1 05 | 5 A 
Current lpr 


“Typical values are for Ta = 25°C. 
flo. = lon = 1 WA. 
AOperating current is measured at 200 kHz for Vop = 5 V and 400 kHz for Vpn = 10 V, with outputs open circuit. 


.~ 
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(i9) As 


(is) Ag 


(17) Alo 


(16) All 


FTF 7 FF YF FF 7 YY 
(=) 


© oe 
_ 0» 
e@ (11) ¢s3 
Vop * (20) 
Vss * 92CM- 37285 


Fig. 1 - Functional diagram for the CDP1883, CDP1883C. 


SIGNAL DESCRIPTIONS/PIN FUNCTIONS 


CLOCK: Latch Input Control—a high on the clock input 
will allow data to pass through the latch to the output pin. 
Data is latched on the high-to-low transition of the clock 
input. This pin is connected to TPA in the CDP1800 system 
and tied to Vpp for other applications. 

MAO-MA4: address inputs to the high byte address latches. 


MA5-MAE6: high byte address inputs decoded to produce 
chip selects CS0-CS3. 


CE: CHIP ENABLE input. A low on this pin will enable the 
chip select decoder. A high on this pin forces the CSO, CS1, 
CS2, and CS3 outputs to a high (false) state. 


A8-A12: latched high-byte address outputs. 


CS0-CS3: one of four latched and decoded Chip Select 
Outputs. 


Vopp, Vss: power and ground pins, respectively. 


TRUTH TABLES FOR CDP1883, CDP1833C 


INPUTS 


OUTPUTS 


| CE | CLK | mas | Ma6 | CSO | CS7 | 'CS2 | Css | 
0 1 0 0 0 1 


0 
PREVIOUS STATE 


X = DON’T CARE 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp + 5%, t;,tr=20 ns, 
Vin=0.7 Vop; ViL=0.3 Vpp, C_L=100 pF. See Fig. 2. 


LIMITS 


CHARACTERISTIC UNITS 
Min. [Typ.e Max.A/ Min. |Typ.* (Max. 


Minimum Setup Time, s 35 10 
Memory Address to CLOCK tmact 25 
Minimum Hold Time, 25 
Memory Address After CLOCK tcrma : ; 25 
eae 5 50 75 50 
Propagation Delay Times: 5 75 150 75 
Chip Enable to Chip Select tcecs 10 45 100 — 
a 5 100 |; 175 100 
00K oR SHeHMee 
5 100 | 175 100 
ce wis lett 
——— 5 100 | 175 100 
Memory Address to Chip Select tmacs Lee ee eee es 
5 


Memory Address to Address tmaa 


eTypical values are for Ta = 25°C. 
AMaximum limits of minimum characteristics are the values above which all devices function. 


VALID CHIP ENABLES 


MAO-MA6 


CLOCK = 


teLee tMacs 
aes | 'cLcs 'MACS 

5,05 THe TS a a a S, O 

t 
TcLa MAA 
AB -Al2 am 
(b) MEMORY ADDRESS SETUP AND HOLD TIME 

92CM-37284 


Fig. 2 - CDP1883 timing waveforms. 
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APPLICATION INFORMATION 


The CDP1883 and CDP1883C can be interfaced, without access an 8K x 8-bit memory. The two upper high-order 
external components, with CDP1800-series microprocessor address inputs are latched and decoded for use as chip 
systems. These microprocessors feature a multiplexed selects. 


address bus and provide an address latch signal (TPA) that the latched address and decoding functions of the CDP1883 
is used as the Clock input of the CDP1883. and CDP1883C allow them to operate with 32K-byte memory 
This signal is used to latch 7 bits of the high-order address. systems. In addition, smaller memory systems can be 
The lower five high-order address inputs are latched and configured with 4K x 8-bit or smaller memories, or a mix of 
held to be used with the eight lower-order address inputsto memory sizes up to 8K x 8-bit. 


ADDRESS 


BUS 


écR COM6264 
CDP1800 8K x8 
SERIES CDPI8S7C RAM 


DATA BUS 


92CM- 3728) 
Fig. 3 - Minimum 1800-system using the CDP1883 to interface with an 8K x 8-bit memory. 


COPI883 
LATCH/ 
DECODER 


ADDRESS BUS 


ADDRESS BUS 


CDOM5364 
8Kx8 
ROM 


CDOM5364 
8Kx8 
ROM 


COMS364 
8Kx 8 
ROM 


DATA BUS 


Fig. 4 - 32K-byte ROM system using the CDP1883. 
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CMOS Unive 


Features: 


I 
2 
3 
4 
5 
6 
7 
8 
9 


(max. freq.) at VoD 


= 4Vto 10.5 operation 
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TERMINAL. ASSIGNMENT status generation 


The RCA CDP6402 and CDP6402C are silicon-gate CMOS 
Universal Asynchronous Receiver/Transmitter (UART) 
circuits for interfacing computers or microprocessors to 
asynchronous serial data channels. They are designed to 
provide the necessary formatting and control forinterfacing 
between serial and parallel data channels. The receiver 
converts serial start, data, parity, and stop bits to parallel 


TBR8(MSB) 


TRANSMITTER 


= Low-power CMOS circuitry — 
7.5 mW typ. at 3.2 MHz 
=5V 
s Baud rate - DC to 200K bits/sec (max.) 
at Vpp = 5 V, 85°C 
DC to 400K bits/sec ( 
at Vpp = 10 V, 85°C 


s Automatic data formatting and 


| 

TRANSMITTER BUFFER REGISTER | 
ieeneeeactseae | 
TRANSMITTER REGISTER [start | | 

| 

| 
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rsal Asynchronous 


Receiver/Transmitter (UART) 


= Fully programmable with externally 
selectable word length (5-8 bits), 
parity inhibit, even/odd parity, and 
1, 1.5,0r 2 stop bits 

= Operating-temperature range: 
(CDP6402D, CD) -55 to +125° 
(CDP6402E, CE) -40 to +85°C 

= Replaces industry types IM6402 
and HD6402 


max.) 


data verifying proper code transmission, parity and stop 
bits. The transmitter converts parallel data into serial form 
and automatically adds start parity and stop bits. 


The data word can be 5, 6, 7 or 8 bits in length. Parity may be 
odd, even or inhibited. Stop bits can be 1, 1.5, or 2 (when 
transmitting 5-bit code). 


TBRI (LSB) 


TIMING 
AND 
CONTROL MULIPLEXER 
eng - 
SBS 
CONTROL 
REGISTER EPE 
| P} 
| 
Ria 
Pus berries Se | 
Ne TIMING START | | 
DRR CONTROL LOGIC | 
eee REGISTER 
OP PARITY 
Loe GIC LOGIC | 
RECEIVER BUFFER REGISTER | 
— ia (OG | 
a. sate 89 i tyre ! 
SFD- a-BUFFERSA\ 7 : RRD 
OR OE TBRE FE PE RBR8 (MSB) RBRI(LSB) 92CL- 34553 


Fig. 1 - Functional block diagram. 
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CDP6402, CDP6402C 


The CDP6402 and CDP6402C can be used inawiderange operating voltage range of 4 to 10.5 volts, and the CDP6402C 
of applications including modems, printers, peripherals, has a recommended operating voltage range of 4 to 6.5 
video terminals, remote data acquisition systems, and serial volts. Both types are supplied in 40-lead dual-in-line ceramic 
data links for distributed processing systems. packages (D suffix), and 40-lead dual-in-line plastic 


The CDP6402 and CDP6402C are functionally identical. Packages (E suffix). 
They differ in that the CDP6402 has a recommended 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 


CD PO402 efit tasdcomnas he Oe ween ewe em Reeve Ried OSG Wd en ba ane eae ea me ee eene ia saws’ -0.5to+11V 
GDPO602C saci tesiew cS eiaeeess 8am Te Te OTe he ee rere Pee re eT OT Ee ree -0.5to+7V 
INPUT. VOLTAGE RANGE. ALL INPUTS :).6. sicadnoerees ave tern Setgess tates ieee esse 5a as wens -0.5 to Vpp +0.5 V 
DG INPUT CURRENT, ANY ONE INPUT 6 tsicracssuists send ain d teed eis Mealer ea Oe edad aes Shae eats es oO + 100 vA 
POWER DISSIPATION PER PACKAGE (Pp): 
Por T= -40 (6° +60° C (PACKAGE TYPE. Bec g fet autae satin os hea ee Sawa ee we OS te RG es Ee 500 mW 
For Ta = +60 to +85°C (PACKAGE TYPE E) ........ cece c cece nec e eee enes Derate Lineary at 12 mW/°C to 200 mW 
For TA ==55.to 100°C (PACKAGE TYPE D) i siivcs eacs hi biw es tabs neve eee abe ee Senet os eee reese brag wane nan’ 500 mW 
For Ta = + 100 to +125°C (PACKAGE TYPE D) ....... cc cece cece cence eens Derate Lineary at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (AIl Package TypeS) .......... ccc eee cece reese ev cncees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPE: D snes gree gdeins Sncte Cis oa as as Mim Cae ws ETT aE Ue Rae a Ree aia aaiaee -55 to +125°C 
PAGKAGE TYPE Feo y cir cs ei ca diaicekaneeincata aka nn raw sue eketnat sue nessa ead ademaedens -40 to +85°C 
STORAGE TEMPERATURE RANGE (Teta) sais iissalekeceesw seed a ias waa dew es eieawe Ss Bead av aw es -65 to +150°C 
LEAD TEMPERATURE (DURING SOLOEHING) 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. .... cece cece eee cee ee ee eee eee +265°C 


OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 
a ain ae UNITS 


SE US EL aes am A 


STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp +10%, Except as noted 


CHARACTERISTIC 


CONDITIONS LIMITS 
CHARACTERISTIC Poe L— ebPsa02 ain oPeaae UNITS 
| Max. 


Se eee Pret Sere z 
Current 0, 10 10 
sink) Current lo 0.5 0, 10 i mA 
Source) Current 9.5 0, 40 i “1 3 -2.6 
i 0,70 0. 


Low-Level 
gh _ Level 0, 10 10 V 


aes Low 0.5, 4.5 5 0.8 ae eae 

meee 

3 $8 te ee Set 
10 

ia i [ee [= [eee [eT 
Current \ Input | 0 10 10 +10-4 +2 
3-State Output Leakage 0,5 0,5 +1074 | +1 aa ie a ee 
a el Poetics 


input Capacitance | Input Capacitance Cin [| — | — | ee a a 7 
Typical values are for Ta=25°C and nominal Vpp. FIOL=IOH=1 WA. 


#Operating current is measured at 200 kHz or Vpp = 5 V and 400 kHz for Vpp = 10 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 
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CDP6402, CDP6402C 
DESCRIPTION OF OPERATION 


Initialization and Controls 


A positive pulse on the MASTER RESET (MR) input resets 
the control, status, and receiver buffer registers, and sets 
the serial output (TRO) High. Timing is generated from the 
clock inputs RRC and TRC ata frequency equal to 16 times 
the serial data bit rate. The RRC and TRC inputs may be 
driven byacommonclock, or may be driven independently 
by two different clocks. The CONTROL REGISTER LOAD 
(CRL) input is strobed to load control bits for PARITY 
INHIBIT (Pl), EVEN PARITY ENABLE (EPE), STOP BIT 
SELECTS (SBS), and CHARACTER LENGTH SELECTS 
(CLS1 and CLS2). These inputs may be hand wired to Vss 
or Vpp with CRL to Vpp. When the initialization is 
completed, the UART is ready for receiver and/or transmitter 
operations. 


Transmitter Operation 


The transmitter section accepts parallel data, formats it, 
and transmits it in serial form (Fig. 2) on the TRO terminal. 


5-8 DATA BITS 
START BIT 


1F ENABLED 


92CS- 34554 


Fig. 2 - Serial data format. 


Transmitter timing is shown in Fig. 3. (A) Data is loaded into 
the transmitter buffer register from the inputs TBR1 through 
TBR8 by a logic low on the TBRL input. Valid data must be 
present at least tpT prior to, and tTp following, the rising 
edge of TBRL. If words less than 8 bits are used, only the 
least significant bits are used. The character is right 
justified into the least significant bit, TBR1. (B) The rising 
edge of TBRL clears TBRE. One Hi to Lo transition of TRC 
later, data is transferred to the transmitter register and TRE 
is cleared. TBRE is reset to a logic High one Hi to Lo 
transition after that. 


Output data is clocked by TRC. The clock rate is 16 times 
the data rate. (C) A second pulse on TBRL loads data into 
the transmitter buffer register. Data transfer to the 
transmitter register is delayed until transmission of the 
current character is complete. (D) Data is automatically 
transferred to the transmitter register and transmission of 
that character begins. 


1/2 
CLOCK 


re 


mal Hiitpae_| TRe 


9205-38054 
Fig. 3- Transmitter timing waveforms. 


|,!1-172 OR 2 STOP BITS 


ee 
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Receiver Operation 


Data is received in serial form at the RRI input. When no 
data is being received, RRI input must remain high. The 
data is clocked through the RRC. The clock rate is 16 times 
the data rate. Receiver timing is shown in Fig. 4. 


BEGINNING OF FIRST STOP BIT ~< 8 CLOCK 
CYCLES 
RRI DATA 
con-60E — 
DRR | 
OR 
Co 
1/2 CLOCK 
A B C CYCLE 


92CS-34559R | 


Fig. 4 - Receiver timing waveforms. 


(A) A low level on DRR clears the DR line. (B) During the 
first stop bit data is transferred from the receiver register to 
the RBRegister. If the word is less than 8 bits, the unused 
most significant bits will be a logic low. The output 
character is right justified to the least significant bit RBR1.A 
logic high on OE indicates overruns. An overrun occurs 
when DR has not been cleared before the present character 
was transferred to the RBR. (C) 1/2 clock cycle later DR is 
set to a logic high and FE is evaluated. A logic high on FE 
indicates an invalid stop bit was received. A logic high on 
PE indicates a parity error. 


Start Bit Detection 


The receiver uses a 16X clock for timing (Fig. 5). The start 
bit could have occurred as muchas oneclock cycle before it 
was detected, as indicated by the shaded portion. The 
center of the start bit is defined as clock count 7 1/2. If the 
receiver clock is a symmetrical square wave, the center of 
the start bit will be located within +1/2 clock cycle, +1/82 bit 
or+3.125%. The receiver begins searching for the next start 
bit at 9 clocks into the first stop bit. 


COUNT 7 1/2 
DEFINED CENTER 
OF START BIT 


CLOCK 


RRI INPUT CG START 


lg? 1/2, CLock 
CYCLES 
8 1/2 CLOCK 
CYCLES 
9208-34558 


Fig. 5 - Start bit timing waveforms. 
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Table | - Control Word Function 


@h. 210 fy € > Be 
CLS1 | pt _—-{|_~—epe _| __sps___| DATABITS | _ PARITYBIT | STOP BIT(S 
L ODD 1 


LET lL ere Oe LL tee ee 
LLerr rr LL eer Leer oer Lae eee 
<x&«MDEemeerx<M xX Tire x KIT Ir KWH KK LIC 


X = Don’t Care 
Table Ii - Function Pin Definition 


pra SYMBOL DESCRIPTION 


Positive Power Supply 

No Connection 

Ground (Vss) 

A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding 
register ouputs RBR1-RBR8 to a high 
impedance state. 

The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs. Word formats less than 8 
characters are right justified to RBR1. 


See Pin 5 - RBR8 


A high level on PARITY ERROR 
indicates that the received parity does 
not match parity programmed by control 
bits. The output is active until parity 
matches on a succeeding character. 
When parity is inhibited, this output 
is low. 

A high level on FRAMING ERROR 
indicates the‘first stop bit was invalid. 
FE will stay active until the next valid 
character's stop bit is received. 


Lele LeeLee eee LoL Le 


DODDMWDANNNNNNODODODMOAAaARIA 


ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 
ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 
ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 
ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 


_" —_ 
wih“ 
or nn 


—_ 


Pein: SYMBOL DESCRIPTION 


A high level on OVERRUN ERROR 
indicates the data received flag was not 
cleared before the last character was 
transferred to the receiver buffer 


register. The Error is reset at the next . 


character’s stop bit if DRR has been 
performed (i.e., DRR; active low). 

A high level on STATUS FLAGS 
DISABLE forces the outputs PE, FE, OE, 
DR, TBRE to a high impedance state. 
The RECEIVER REGISTER CLOCK is 
16X the receiver data rate. 

A tow level on DATA RECEIVED RESET 
clears the data received output (DR), to 
a low level. 

A high level on DATA RECEIVED 


| indicates a character has been received 


and transferred to the receiver buffer 
register. 

Serial data on RECEIVER REGISTER 
INPUT is clocked into the receiver 
register. 

A high level on MASTER RESET (MR) 
clears PE, FE, OE, DR, TRE and sets 
TBRE, TRO high. Less than t8 clocks 
after MR goes low, TRE returns high. 
MR does not clear the receiver buffer 
register, and is required after power-up. 
A high levelon TRANSMITTER BUFFER 
REGISTER EMPTY indicates the 
transmitter buffer register has 
transferred its data to the transmitter 
register and is ready for new data. 


459 
CDP6402, CDP6402C 


460 CMOS Microprocessors, Memories and Peripherals 
CDP6402, CDP6402C 


Table Ii - Function Pin Definition (Cont'd) 


co SYMBOL DESCRIPTION Et SYMBOL DESCRIPTION 


A low level on TRANSMITTER BUFFER A high level on CONTROL REGISTER 
REGISTER LOAD transfers data from LOAD loads the control register. 
inputs TBR1-TBR8 into the transmitter A high level on PARITY INHIBIT inhibits 
buffer register. A low to high transition parity generation, parity checking and 
on TBRL requests data transfer to the forces PE output low. 

transmitter register. If the transmitter A high level on STOP BIT SELECT 
register is busy, transfer is automatically selects 1.5 stop bits for a 5 character 
delayed so that the two characters are format and 2 stop bits for other lengths. 
transmitted end to end. These inputs program the CHARACTER 
A high level on TRANSMITTER LENGTH SELECTED. (CLS1 low CLS2 
REGISTER EMPTY indicates completed low 5-bits) (CLS1 high CLS2 low 6-bits) 
transmission of a character including (CLS1 low CLS2 high 7-bits) (CLS1 high 
stop bits. CLS2 high 8-bits). 

Character data, start data and stop bits See Pin 37 - CLS2 

appear serially at the TRANSMITTER ‘When PI is low, a high level on EVEN 
REGISTER OUTPUT. . PARITY ENABLE generates and checks 
Character data is loaded into the even parity. A low level selects odd 
TRANSMITTER BUFFER REGISTER via parity. 


inputs TBR1-TBR8. For character The TRANSMITTER REGISTER 


formats less than 8-bits, the TBR8, 7, CLOCK is 16X the transmit data rate. 
and 6 Inputs are ignored corresponding 


to the programmed word length. 


"See Table | (Control Word Function) 


See Pin 26 - TBR1 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, tr, t¢ = 20 ns, 
Vin = 0.7 Vop; Vit = 9.3 Vpp, CL = 100 pF 


LIMITS 


CDP6402 CDP6402C 


CHARACTERISTIC t Vpp UNITS 
| (V) Typ.° Typ.° 


System Timing (See Fig. 6) 


Minimum Pulse Width: 50 150 
CRL tCRL 40 100 
Minimum Setup Time 50 
Control Word to CRL tCWC 40 
Minimum Hold Time 40 60 
Control Word after CRL tcCcw 20 30 = 
Propagation Delay Time - 130 200 130 
SFD High to SOD tSFDH 100 150 — 
t 130 200 me 
RRD High to Receiver Register 80 150 150 
High Impedance tRRDH 40 70 
RRD Low to Receiver Register 80 150 150 
Active tRRDL c 40 70 = 


*Typical values for Ta = 25°C and nominal Vpp. 
AMaximum limits of minimum characteristics are the values above which all devices function. 
TAIl measurements are made at the 50% point of the transition except tri-state measurements. 


CONTROL INPUT WORD TIMING 


CONTROL WORD 
INPUT 


CONTROL WORD BYTE 


CRL 


STATUS OUTPUT TIMING 90% 70% 


STATUS 


92CM - 38055 


Fig. 6 - System timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, tr, t¢ = 20 ns, 
Vi = 0.7 Vpp; Vit = 0.3 Vpp, CL = 100 pF 


‘ a ae CDP6402C 
CHARACTERISTIC UNITS 
eS 


Transmitter Timing (See Fig. 7) 


sai ; 5 250 310 250 310 

Minimum Pulse Width: - 100 125 100 125 
Clock Low Level 75 100 

| 100 125 100 126 
200 
100 

Minimum Setup Time: i 275 175 

TBRL to Clock 150 
- 50 


*Typical values for Ta = 25°C and nominal Vpp. 
AMaximum limits of minimum characteristics are the values above which all devices function. 
TAIl measurements are made at the 50% point of the transition except tri-state measurements. 


% TRANSMITTER SHIFT 
TRANSMITTER BUFFER REGISTER LOADED 
REGISTER LOADED 


1 
he tTHTH- 


I 
| 

| l 
r—top 


TRO a at Cue 
| I | 1ST DATA BIT 
\ 
tTTHR—= be = he—tey 
TBRE 
ba— ¢ 
TRE TS 
| 
" 
Ore | 
T BUS O- 7 
T BUS7 p_DATA 
% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TBRL 92CM-34556 


% % THE TRANSMITTER SHIFT REGISTER,IF EMPTY,IS LOADED ON THE FIRST HIGH- TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS ATLEAST 1/2 CLOCK PERIOD FETUS AFTER ie TRAILING EDGE OF T AND 
TRANSMISSION OF ASTART BIT OCCURS !/2 CLOCK PERIOD + tcp LATER 


Fig. 7 - Transmitter timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, tr, tf = 20 ns, 
ViH = 0.7 Vpp. Vit = 0.3 Vpp, CL = 100 pF 


| MTS 
CDP6402 CDP6402C 
CHARACTERISTIC Tt 


[tyes | maxd | toe | mea | 


75 100 
00 
Data Start Bit to Clock < 50 75 
Propagation Delay Time: __ 
BATA RECEIVED RESET; RECEIVED RESET to toDA i A 250 ee 
Data Received 125 
Clock to Data Valid CDV 475 
10 110 175 — 
Clock to Overrun Error COE 100 150 ie 


rene ee ‘CPE 
10 120 — aes 

sl | t 00 Ree ees 
pte tales oe 150 ia 


*Typical values for Ta = 25°C and nominal Vpp. 


AMaximum limits of minimum characteristics are the values above which all devices function. 
TAI measurements are made at the 50% point of the transition except tri-state measurements. 


tec CLOCK 7 1/2 CLOCK 71/2 LOAD 
SAMPLE HOLDING REGISTER 
tou ~T TCL 


Clock Low Level 
Clock High Level 


RRC | 2 3 4 5 6 7 R 16 | 2 3 4 5 6 7 8 9 
>| -c * 
ae START BIT PARITY ap BIT i 
tcov 
R BUS O- | | XK DATA 
R BUS 7 i 
ae ea Suen SEAS CH 
t 
ea bai my Le CDA 
ail ey 
| tcoe nae 
too 
%*X 
OE 
'cpe > le 
PE 
tore = 
FE 


92CM-345855 
* IF ASTART BIT OCCURS AT A TIME LESS THAN toc BEFORE A HIGH-TO-LOW TRANSITION 
OF THE CLOCK, THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO- 
LOW TRANSITION OF THE CLOCK. THE START BIT MAY BE COMPLETELY ASYNCHRONOUS 
WITH THE CLOCK. 


ee eA PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING 
REGISTER BY THE TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING 
REGISTER, THE OE SIGNAL WILL COME TRUE. 


Fig. 8 - Receiver timing waveforms. 
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Features: 


| 
2 
3 
4 
5 
6 
7 
8 


and transmitter 


TOP VIEW 92cs-36774 


Product Preview 


CMOS Asynchronous Communications 
Interface Adapter (ACIA) 


= Compatible with 8-bit microprocessors 
= Full duplex operation with buffered receiver 


= Data set/modem control functions 

# /nternal baud rate generator with 15 
programmable baud rates (50 to 19,200) 

= Program-selectable internally or externally 
controlled receiver rate 

s Programmable word lengths, number of stop bits, 
and parity bit generation and detection 


TERMINAL ASSIGNMENT # Programmable interrupt control 


« Program reset 


The RCA-CDP65C51 Asynchronous Communications In- 
terface Adapter (ACIA) provides an easily implemented, 
program controlled interface between 8-bit microprocessor- 
based systems and serial communication data sets and 
modems. 


The CDP65C51 has an internal baud rate generator. This 
feature eliminates the need for multiple component support 
circuits, a crystal being the only other part required. The 
Transmitter baud rate can be selected under program 
control to be either 1 of 15 different rates from 50 to 19,200 
baud, or at 1/16 times an external clock rate. The Receiver 
baud rate may be selected under program control to be 
either the Transmitter rate, or at 1/16 times the external 
clock rate. The CDP65C51 has programmable word lengths 
of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 1%, or 2 stop 
bits. 


The CDP65C51 is designed for maximum programmed 
control from the CPU, to simplify hardware implementation. 
Three separate registers permit the CPU to easily select the 
CDP65C51 operating modes and data checking parameters 
and determine operational status. 


The Command Register controls parity, receiver echo 
mode, transmitter interrupt control, the state of the RTS 
line, receiver interrupt control, and the state of the DTR line. 


= Program-selectable serial echo mode 
= Two Chip selects 


@ 2 MHz or 1 MHz operation (CDP65C51-2, CDP65C51-17, 


respectively) 
ws Single 3 V to 6 V power supply 
= 28-pin plastic or ceramic (DIP or DIC) 
@ Full TTL compatibility 


The Control Register controls the number of stop bits, word 
length, receiver clock source and baud rate. 


The Status Register indicates the states of the TRQ, DSR, 
and DCD lines, Transmitter and Receiver Data Registers, 
and Overrun, Framing and Parity Error conditions. 


The Transmitter and Receiver Data Registers are used for 


temporary data storage by the CDP65C51 Transmit and 
Receiver circuits. 


The CDP65C51-1 and CDP65C51-2 are capable of inter- 
facing with microprocessors with cycle times of 1 MHz and 
2 MHz, respectively. 

The CDP65C51 is supplied in 28-lead, hermetic, dual-in- 
line side-brazed ceramic (D suffix) and in 28-lead, dual-in- 
line plastic (E suffix) packages. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss terminal) ....... 0... ccc cee ccc teen cee eee enees 55 Aye acta atte ds SSS Gy NRA a ga een aunts ee ated on Rs -0.5to+7V 
INPUT VOCTAGE-RANGE,ALLINPUTS vecket nev. Gi iis oul ex teu bid wala sale een eae aes Onda cond week Gane -0.5 to Von +0.5 V 
DO INPUT CURRENT. ANY-ONEINPUT «. osneguud wiee nese ethan sabes ee uae awn shes Ao raw eis ca ea es pias nee oess +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

POr Tas=40to +007-C: (PACKAGE TYPE: E) 4524.43 oe tie dene Sure eh aes a Se hae hy oe RES e 8 VEIN POS Raw Mire a wa 500 mW 

For Tx=t60 ta +85°C (PACKAGE TYPE B)isjec-ses esded cee bbs ek oa Ri Sb aed d eve es ede Se TRESS Derate Linearly at 8 mW/°C to 300 mW 

FOr ln=95 10 +100" C (PACKAGE TYPE Dp: 003-5 wire Weenie 4 heey RHR eON whoo cl me SE AERO LA en a AG Ra eee aS 500 mW 

FOr: la= +100 40 125°C:(PACKAGE TYPED) sccss4 cosas kd tana ie ine beatae eieh et eeees Derate Linearly at 8 mW/°C to 300 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Type@S) ..... 0... cece cece eee renee rere eet tent e ee ne eens 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPED 24.03 tcunieiu kinds hoes meee ae deoeang ae nes Sas eae uae eas oie eee ee Sa aN ee tates -55 to +125°C 

PRCICAGE TY PE-E sawaveen caminys eebaia eioe see ead eo dw Se eg ey ie me Raw ee ea eee + ent eke yeaee -40 to +85°C 
SEORAGE-TEMPERATURE RANGE ( Taig) acid ctencsaen do4h oh oouied Maw eich OMe ae he Ste eed ween as eras weed 6 iba, -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 = 0.79 mm) from case for 10S MAX, cia c die rics dade de ees ete ore cee eee epee wad seuewee ves +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 0° to +70°C 
For maximum reliability, nominal operating conditions should be selected so that operation is aiways 
within the following ranges: 


CHARACTERISTIC LIMITS 


DC Operating Voltage Range 
Input Voltage Range 


STATIC ELECTRICAL CHARACTERISTICS at T,a=0° to +70°C, Vcc + 5% 


LIMITS 

CHARACTERISTIC pe LIMITS ont 
| Min. | Typ. | Max. 

Quiescent Device Current lop aS ee ae uA 


Output Low Current (Sinking): Vo. = 0.4 V 
(DO-D7, TxD, RxC, RTS, DTR, IRQ) 
Output High Current (Sourcing): Von = 4.6 V 
(DO-D7, TxD, RxC, RTS, DTR) 
Output Low Voltage: ILoap = 1.6 mA 

(DO-D7, TxD, RxC, RTS, BTR, IRQ) 
Output High Voltage: lLoap = -100 wA Von 
(DO-D7, TxD, RxC, RTS, DTR) 


Input High Voltage 
(Except XTLI and XTLO) 
(XTLI and XTLO) 

Input Leakage Current: Vin=Oto5V 
($2, R/W, RES, CSO, CS1, RSO, RS1, CTS, RxD, DCD, DSR) 


Input Leakage Current for High Impedance State (Three State) hss | — | — | +12 | WA 
Output Leakage Current (off state): Vour = 5 V (RQ) lore | — | — | 2 | YA 


Input Capacitance (except XTLI and XTLO) Cn | — | — ‘| 10 | _ pF 
Output Capacitance er a GN eT | 
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CDP65C51 INTERFACE REQUIREMENTS 


This section describes the interface requirements for the 
CDP65C51 ACIA. Fig. 1 is the Interface Diagram and the 
Terminal Diagram shows the pin-out configuration for the 
CDP65C51. 


DATA TRANSMIT la 
DO-D7 BUS CONTROL 
BUFFERS 
TRANSMIT 
DATA & TxD 
SHIFT 
Tro INTERRUPT REGISTERS 
LoGiIc 
STATUS vee 
REGISTER DSR 
R/W 
cso BAUD RxC 
CSI Vo RATE XTLI 
EG CONTROL GENERATOR XTLO 
RS1 
CONTROL 
REGISTER 
p2 TIMING COMMAND DTR 
RES LOGIC RTS 
RECEIVE 
VoD DATA & RxD 


SHIFT 


vss REGISTERS 


RECEIVE 
CONTROL 


i 
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Fig. 1 - CDP65C51 interface diagram. 


MICROPROCESSOR INTERFACE 
SIGNAL DESCRIPTION 


RES (Reset) (4) 


During system initialization a low on the RES input will 
cause a hardware reset to occur. The Command Register 
and the Contro! Register will be cleared. The Status 
Register will be cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are 
externally controlled by the DSR and DCD lines, and the 
transmitter Empty bit, which will be set. 


$2 (Input Clock) (27) 


The input clock is the system @2 clock and is used to clock 
all data transfers between the system microprocessor and 
the CDP65C51. 


R/W (Read/Write) (28) 


The R/W input, generated by the microprocessor, is used to 
control the direction of data transfers. A high on the R/W pin 
allows the processor to read the data supplied by the 
CDP65C51, a low allows a write to the CDP65C51. 


IRQ (Interrupt Request) (26) 


The IRQ pinis aninterrupt output from the interrupt control 
logic. Itis an open drain output, permitting several devices 
to be connected to the common IRQ microprocessor input. 
Normally a high level, |RQ goes low when an interrupt 
occurs. 


DO-D7 (Data Bus) (18-25) 


The DO-D7 pins are the eight data lines used to transfer data 
between the processor and the CDP65C51. These lines are 
bi-directional and are normally high-impedance except 
during Read cycles when the CDP65C51 is selected. 


CSO, CS1 (Chip Selects) (2,3) 


The two chip select inputs are normally connected to the 
processor address lines either directly or through decoders. 
The CDP65C51 is selected when CSO is high and CS1 is 
low. 


RSO, RS1 (Register Selects) (13,14) 


The two register select lines are normally connected to the 
processor address lines to allow the processor to select the 
various CDP65C51 internal registers. The following table 
shows the internal register select coding. 


TABLE | 


|Rsi | rRso | Write | Read 
Transmit Data Receiver Data 
Register Register 


Programmed Reset| Status Register 


(Data is “Don't 


Command Register 
Control Register 


Only the Command and Control registers are read/write. 
The Programmed Reset operation does not cause any data 
transfer, but is used to clear bits 4 through O in the 
Command register and bit 2 in the Status register. The 
Control Register is unchanged by a Programmed Reset. It 
should be noted that the Programmed Reset is slightly 
different from the Hardware Reset (RES); these differences 
are shown in Figs. 3, 4 and 5. 


ACIA/MODEM INTERFACE 
SIGNAL DESCRIPTION 


XTLI, XTLO (Crystal Pins) (6,7) 


These pins are normally directly connected to the external 
crystal (1.8432 MHz) used to derive the various baud rates 
(see “Generation of Non-Standard Baud Rates”). Alter- 
natively, an externally generated clock may be used to drive 
the XTLI pin, in which case the XTLO pin must float. XTLIis 
the input pin for the transmit clock. 


TxD (Transmit Data) (10) 


The TxD output line is used to transfer serial NRZ 
(nonreturn-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first data 
bit transmitted and the rate of data transmission is 
determined by the baud rate selected or under control of an 
external clock. This selection is made by programming the 
Control Register. 


RxD (Receive Data) (12) 


The RxD input line is used to transfer serial NRZ data into 
the ACIA from the modem, LSB first. The receiver data rate 
is either the programmed baud rate or under the control of 
an externally generated receiver clock. The selection is 
made by programming the Control Register. 
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RxC (Receive Clock) (5) 


The RxC is a bi-directional pin which serves as either the 
receiver 16x clock input or the receiver 16x clock output. 
The latter mode results if the internal baud rate generatoris 
selected for receiver data clocking. 


RTS (Request to Send) (8) 


The RTS output pin is used to control the modem from the 
processor. The state-of the RTS pin is determined by the 
contents of the Command Register. 


CTS (Clear to Send) (9) 


The CTS input pin is used to control the transmitter 
operation. The enable state is with CTS low. The transmitter 
is automatically disabled if CTS is high. 


DTR (Data Terminal Ready) (11) 


This output pin is: used to indicate the status of the 
CDP65C51 to the modem. A low on DTR indicates the 
CDP65C51 is enabled, a high indicates it is disabled. The 
processor controls this pin via bit 0 of the Command 
Register. 


DSR (Data Set Ready) (17) 


The DSR input pin is used to indicate to the CDP65C51 the 
status of the modem. A low indicates the “ready” state anda 
high, “not-ready”. 

DCD (Data Carrier Detect) (16) 


The DCD input pin is used to indicate to the CDP65C51 the 
status of the carrier-detect output of the modem. A low 
indicates that the modem carrier signal is present and a 
high, that it is not. 


CDP65C51 INTERNAL ORGANIZATION 


This section provides a functional description of the 
CDP65C51. A block diagram of the CDP65C51 is presented 
in Fig. 2. 


DATA BUS BUFFERS 


The Data Bus Buffer interfaces the system data lines to the 
internal data bus. The Data Bus Buffer is bi-directional. 
When the R/Wline is high and the chip is selected, the Data 
Bus Buffer passes the data to the system data lines from the 
CDP65C51 internal data bus. When the R/W line is low and 
the chip is selected, the Data Bus Buffer writes the data from 
the system data bus to the internal data bus. 


INTERRUPT LOGIC 


The Interrupt Logic will cause the IRQ line to the micro- 
processor to go low when conditions are met that require 
the attention of the microprocessor. The conditions which 


DATA 
DO-D7 BUS 
BUFFER 


can Cause an interrupt will set bit 7 and the appropriate bit of 
bits 3 through 6in the Status Register if enabled. Bits 5and6 
correspond to the Data Carrier Detect (DCD) logic and the 
Data Set Ready (DSR) logic. Bits 3 and 4 correspond to the 
Receiver Data Register full and the Transmitter Data 
Register empty conditions. These conditions can cause an 


interrupt request if enabled by the Command Register. 
I/O CONTROL 

The I/O Control Logic controls the selection of internal 

registers in preparation for a data transfer on the internal 


data bus and the direction of the transfer to or from the 
register. 


The registers are selected by the Register Select and Chip 
Select and Read/Write lines as described in Table I, 


previously. 
TRANSMIT — 
CONTROL CTS 


Pe TRANSMIT TRANSMIT 
DATA SHIFT TxD 
REGISTER REGISTER 


1 
= gg, Cea oat 
=a INTERRUPT 7 <meae STATUS DCD 
Gic E es ————} REGISTER DSR 
N 
A 
L 
= D RxC 
aD BAUD 
R/W A CONTROL RATE 
T CONTHOL XTLI 
cso A >| REGISTE GENERATOR rie 
st ke) He 
CONTROL u 
RSO Eh. 
ea: COMMAND aM 
EGISTER pss: 
RS1 RTS 


g2 
TIMING 
RES & CONTROL 


RECEIVE RECEIVE 
DATA SHIFT RxD 
| REGISTER REGISTER ' 


RECEIVE 
CONTROL 
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Fig. 2 - Internal organization. 
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CDP65C51 INTERNAL ORGANIZATION (Cont'd) 


TIMING AND CONTROL 


The Timing and Control logic controls the timing of data 
transfers on the internal data bus and the registers, the Data 
Bus Buffer, and the microprocessor data bus, and the 
hardware reset features. 


Timing is controlled by the system $2 clock input. The chip 
will perform data transfers to or from the microcomputer 
data bus during the @2 high period when selected. 


All registers will be initialized by the Timing and Control 
Logic when the Reset (RES) line goes low. See the individual 
register description for the state of the registers following a 
hardware reset. 


TRANSMITTER AND RECEIVER 
DATA REGISTERS 


These registers are used as temporary data storage for the 
CDP65C51 Transmit and Receive Circuits. Both the Trans- 
mitter and Receiver are selected by a Register Select 0 
(RSO) and Register Select 1 (RS1) low condition. The 
Read/Write line determines which actually uses the internal 
data bus; the Transmitter Data Register is write only and the 
Receiver Data Register is read only. 


Bit 0 is the first bit to be transmitted from the Transmitter 
Data Register (least significant bit first). The higher order 
bits follow in order. Unused bits in this register are ‘don’t 
care”. 7 


The Receiver Data Register holds the first received data bit 
in bit O (least significant bit first). Unused high-order bits 
are “0”. Parity bits are not contained in the Receiver Data 
Register. They are stripped off after being used for parity 
checking. 


STATUS REGISTER 


Fig. 3indicates the format of the CDP65C51 Status Register. 
A description of each status bit follows. 


7 6 5 4 3 2 +1 =«0 
PARITY ERROR* 


O- NO PARITY ERROR 
1 ~- PARITY ERROR DETECTED 


FRAMING ERROR* 
O- NO FRAMING ERROR 
1 - FRAMING ERROR DETECTED 


OVERRUN* 
O- NO OVERRUN 
1 —- OVERRUN HAS OCCURRED 


RECEIVER DATA REGISTER FULL 
O- NOT FULL 
1- FULL 


TRANSMITTER DATA REGISTER EMPTY 
O~- NOT EMPTY 
1- EMPTY 


DATA CARRIER DETECT (DCD) 
0 - OCD LOW (DETECT) 
1 - DCD HIGH (NOT DETECTED) 


DATA SET READY (DSR) 
0 - DSR LOW (READY) 
1 - DSR HIGH (NOT READY) 


INTERRUPT (IRQ) 
0 - NO INTERRUPT 
1 - INTERRUPT HAS OCCURRED 


*NO INTERRUPTS OCCURS FOR 
THESE CONDITIONS 


76543210 
fo[-[-]1]0[o[o]0] HARDWARE RESET 
|— |—|=|—|= [0 ]- [—]procram RESET 


Fig. 3 - Status register format 
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Receiver Data Register Full (Bit 3) 


This bit goes to a “1” when the CDP65C51 transfers data 
from the Receiver Shift Register to the Receiver Data 
Register, and goes to a “0” when the processor reads the 
Receiver Data Register. 


Transmitter Data Register Empty (Bit 4) 


This bit goes to a “1” when the CDP65C51 transfers data 
from the Transmitter Data Register to the Transmitter Shift 
Register, and goes to a ‘‘0” when the processor writes new 
data onto the Transmitter Data Register. 


Data Carrier Detect (Bit 5) and 
Data Set Ready (Bit 6) 


These bits reflect the levels of the DCD and DSR inputs to 
the CDP65C51. A “0” indicates a low level (true condition) 
and a “1” indicates a high (false). Whenever either of these 
inputs change state, an immediate processor interrupt 
occurs, unless the CDP65C51 is disabled (bit 0 of the 
Command Register is a‘“0”). When the interrupt occurs, the 
status bits will indicate the levels of the inputs immediately 
after the change of state occurred. Subsequent level 
changes will not affect the status bits until the Status 
Register is interrogated by the processor. At that time, 
another interrupt will immediately occur and the status bits 
will reflect the new input levels. 


Framing Error (Bit 1), Overrun (2), and 
Parity Error (Bit 0) 


None of these bits causes a processor interrupt to occur, 
but they are normally checked at the time the Receiver Data 
Register is read so that the validity of the data can be 
verified. 


Interrupt (Bit 7) 


This bit goes to a “O” when the Status Register has been 
read by the processor, and goes to a‘‘1" whenever any kind 
of interrupt occurs. 


CONTROL REGISTER 


The Control Register selects the desired baud rate, fre- 
quency source, word length, and the number of stop bits. 


Selected Baud Rate (Bits 0,1,2,3) 


These bits, set by the processor, select the Transmitter 
baud rate, which can be at 1/16 an external clock rate or one 
of 15 other rates controlled by the internal baud rate 
generator as shown in Fig. 4. 


Receiver Clock Source (Bit 4) 


This bit controls the clock source to the Receiver. A ‘‘0” 
causes the Receiver to operate at a baud rate of 1/16 an 
external clock. A “1” causes the Receiver to operate at the 
same baud rate as is selected for the transmitter as shownin 
Fig. 4. 


Word Length (Bits 5,6) 


These bits determine the word length to be used (5, 6, 7or8 
bits). Fig. 4 shows the configuration for each number of bits 
desired. 


Stop Bit Number (Bit 7) 


This bit determines the number of stop bits used. A “0” 
always indicates one stop bit. A “1” indicates 1% stop bits if 
the word length is 5 with no parity selected, 1 stop bit if the 
word length is 8 with parity selected, and 2 stop bits in all 
other configurations. 
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* SELECTED BAUD RATE (SBR) 


3210 

0000 16X EXTERNAL CLOCK 
0001 50 BAUD 
0010 75 BAUD 
0011 109.92 BAUD 
0100 134.58 BAUD 
0101 150 BAUD 
0110 300 BAUD 
0111 600 BAUD 
1000 1200 BAUD 
1001 1800 BAUD 
1010 2400 BAUD 
1011 3600 BAUD 
1100 4800 BAUD 
1101 7200 BAUD 
1110 9600 BAUD 
1111 19200 BAUD 


RECEIVER CLOCK SOURCE (RCS) 


O- EXTERNAL RECEIVER CLOCK 
1 - BAUD RATE 


WORD LENGTH (WL) 


Pv gan 
a 
4 
7.) 


BIT NUMBER (SBN) 


STOP BIT 
STOP BITS 
-1/2 STOP BITS 


76543210 Z 
fo[o[ofololo[o[o] HARDWARE RESET (RES) - 
'-[-[-{-[-]-]-[-] PROGRAM RESET = row AND NO PARITY 


FOR WL=8 AND PARITY 


anh = 
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Fig. 4 - CDP65C51 control register. 


COMMAND REGISTER 


The Command Register controls specific modes and 
functions. 


3 2 
Pe 
oir 
az 


i) 


7654321 
fo[0]0]0]0]0[ 00] HARDWARE RESET (RES) 
= [-]-[ofofolofo] PROGRAM RESET 


*BITS 2 AND 3 MUST BE ZERO FOR RECEIVER ECHO MODE. RTS WILL BE LOW. 


0 


Data Terminal Ready (Bit 0) 


This bit enables all selected interrupts and controls the 
state of the Data Terminal Ready (DTR) line. A“‘0” indicates 
the microcomputer system is not ready by setting the DTR 
line high. A “1” indicates the microcomputer system is 
ready by setting the DTR line low. 


Receiver Interrupt Control (Bit 1) 


This bit disables the Receiver from generating an interrupt 
when set to a “1”. The Receiver interrupt is enabled when 
this bit is set to a “O” and Bit 0 is set to a “1”. 


Transmitter Interrupt Control (Bits 2,3) 


These bits control the state of the Ready to Send (RTS) line 
and the Transmitter interrupt. Fig. 5 shows the various 
configurations of the RTS line and Transmit Interrupt bit 
settings. 


Receiver Echo Mode (Bit 4) 


This bit enables the Receiver Echo Mode. Bits 2 and 3 must 
be zero. In the Receiver Echo Mode, the Transmitter returns 
each transmission received by the Receiver delayed by % bit 
time. A “1” enables the Receiver Echo Mode. A “0” bit 
disables the mode. 


Parity Mode Enable (Bit 5) 


This bit enables parity bit generation and checking. A “0” 
disables parity bit generation by the Transmitter and parity 
bit checking by the Receiver. A “1” bit enables generation 
and checking of parity bits. 


Parity Mode Control (Bits 6,7) 


These bits determine the type of parity generated by the 
Transmitter, (even, odd. mark or space) and the type of 
parity check done by the Receiver (even, odd, ornocheck). 
Fig. 5 shows the possible bit configurations for the Parity 
Mode Control bits. 


DATA TERMINAL READY (DTR) 
0 - DATA TERMINAL NOT READY (DTR HIGH) 
1 - DATA TERMINAL READY (DTR LOW) 


RECEIVER INTERRUPT CONTROL (IRQ) 
0 - IRQ ENABLED 
1-TRG DISABLED 


TRANSMITTER INTERRUPT CONTROL (TIC) 


3 

1) . RTS - HIGH, TRANSMIT INTERRUPT DISABLED* 

0 1 RTS- LOW, TRANSMIT INTERRUPT ENABLE 

1 0 RTS - LOW, TRANSMIT INTERRUPT DISABLED 

1 1 RTS- LOW, TRANSMIT INTERRUPT DISABLED 
TRANSMIT BREAK ON T x D 


RECEIVER ECHO MODE (REM) 
0 - RECEIVER NORMAL MODE 
1 - RECEIVER ECHO MODE* 


PARITY MODE ENABLE (PME) 

O- PARITY MODE DISABLED 
NO PARITY BIT GENERATED 
PARITY CHECK DISABLED 

1 - PARITY MODE ENABLED 


PARITY MODE CONTROL (PMC) 


g 
0 0 ODD PARITY TRANSMITTED/RECEIVED 
1 EVEN PARITY TRANSMITTED/RECEIVED 
O MARK PARITY BIT TRANSMITTED 
PARITY CHECK DISABLED 
1 1 SPACE PARITY BIT TRANSMITTED 
PARITY CHECK DISABLED 
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Fig. 5 - CDP65C51 command register. 
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TRANSMITTER AND RECEIVER 


Bits 0-3 of the Control Register select divisor used to 
generate the baud rate for the Transmitter. If the Receiver 
clock is to use the same baud rate as the transmitter, then 
RxC becomes an output and can be used to slave other 
circuits to the CDP65C51. Fig. 6 shows the transmitter and 
Receiver layout. 


CONTROL 
REGISTER ° 
BIT 4 


ath BAUD RATE SIbcE 
NERATOR 
XTLO GE (16) 


BITS 0-3 IN TRANSMITTER <0 
CONTROL SHIFT REGISTER x 
REGISTER 


92CS-3679) 
Fig. 6 - Transmitter receiver clock circuits. 


CDP65C51 OPERATION 
TRANSMITTER AND RECEIVER OPERATION 


Regi P 1 int i 
Continuous Data Transmit (Fig. 7) reads the Status Register of the CDP65C51, the interrupt is 


cleared. The processor must then identify that the Transmit 
In the normal operating mode, the processor interrupt Data Register is ready to be loaded and must then load it 
(IRQ) is used to signal when the CDP65C51 is ready to withthe next data word. This must occur before the end of 
accept the next data word to be transmitted. This interrupt the Stop Bit, otherwise a continuous “MARK” will be 
occurs at the beginning of the Start Bit. When the processor transmitted. 


CHAR #n CHAR #n+1 CHAR #n+2 CHAR #n+3 


, aa aE 


STOP STOP 2 STOP 2 STOP 
ro L [oe] fete] | feofet fete} | fel e 
START 7 START 7 START ~ START = 
| | | | 
| l | | 


ik 
PROCESSOR 
INTERRUPT PROCESSOR MUST 
(TRANSMIT DATA LOAD NEW DATA 
REGISTER EMPTY) IN THIS TIME 
INTERVAL; OTHERWISE, 
CONTINUOUS “MARK” 
IS TRANSMITTED 
PROCESSOR READS STATUS SEEM en oe 
REGISTER, CAUSES IRO 
TO CLEAR 
Fig. 7 - Continuous data transmit. 
Continuous Data Receive (Fig. 8) data word. This occurs at about the 8/16 point through the 


Stop Bit. The processor must read the Status Register and 
read the data word before the next interrupt, otherwise the 
Overrun condition occurs. 


CHAR #n CHAR #n+1 CHAR #n+2 CHAR #n+3 


a STOP 7 STOP . STOP 7 STOP 
nso | feofe] fete] | [ela] [es]? eof et pewter] | |e] e| 
~ ~ START = Ss . 


START START a. 


Similar to the above case, the normal mode is to generate a 
processor interrupt when the CDP65C51 has received a full 


PROCESSOR MUST READ 

RECEIVER DATA IN THIS 

TIME INTERVAL; OTHERWISE, 
PROCESSOR : OVERRUN OCCURS 
INTERRUPT OCCUR ; 
ABOUT 9/16 INTO 92CM- 36793 


LAST STOP BIT. 
PARITY, OVERRUN, 
AND FRAMING ERROR 
UPDATED, ALSO 


PROCESSOR READS STATUS 
REGISTER, CAUSES IRG 
TO CLEAR 


Fig. 8 - Continuous data receive. 
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Transmit Data Register Not Loaded 


By Processor (Fig. 9) 


If the processor is unable to load the Transmit Data Register 
in the allocated time, then the TxD line will go to the 


CHAR #n CONTINUOUS ‘*MARK”’ 


START 


“MARK” condition until the data is loaded. When the 
processor finally loads new data, a Start Bit immediately 
occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. 


CHAR #n+2 


toe ote 


CHAR #n+1 


, cea 


aera 
STOP 


START 


DT PELBEDT SET EET fal EL 


) 


WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 


OCCURS, INDICATING TRANSMIT 


PROCESSOR PROCESSOR 
INTERRUPT DOES NOT LOAD 
FOR DATA NEW DATA IN 
REGISTER TIME 
EMPTY 

PROCESSOR 

READS 

STATUS 

REGISTER 


DATA REGISTER EMPTY 
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Fig. 9 - Transmit data register not loaded by processor. 


Effect of CTS on Transmitter (Fig. 10) 


CTS is the Clear-to-Send Signal generated by the modem. 
It is normally low (True State) but may go high in the event 
of some modem problems. When this occurs, the TxD line 
immediately goes to the “MARK” condition. Interrupts 


CHAR #n CHAR #n+1 


CLEAR-TO-SEND 


continue at the same rate, but the Status Register does not 
indicate that the Transmit Data Register is empty. Since 
there_is no status bit for CTS, the processor must deduce 
that CTS has_gone to the FALSE (high) state. This is 
covered later. CTS is a transmit control line only, and has no 
effect on the CDP65C51 Receiver Operation. 


CONTINUOUS “MARK” 


CHARACTER 
i TIME “| 


NOT CLEAR-TO-SEND 


NEXT PROCESSOR READS 
PROCESSOR STATUS REGISTER. 

IS NOT READY TO INTERRUPT SINCE DATA REGISTER 
RECEIVE DATA. Tx D ATNORMAL IS NOTEMPTY, PROCESSOR 
IMMEDIATELY GOES START BIT MUST DEDUCE THAT 

TO “MARK” CONDITION TIME CTS IS SOURCE OF 
INTERRUPT (THIS 1S 
COVERED ELSEWHERE 

IN THIS NOTE). 


eck -" 
CTS GOES HIGH. 
INDICATING MODEM 
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Fig. 10 - Effect of CTS on transmitter. 
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Effect of Overrun on Receiver (Fig. 11) word is not transferred to the Receiver Data Register, but 
See for normal Receiver operation. If the processor does the Overrun status: bit Is set. Thus, the Data Register will 
not read the Receiver data Register in the allocated time contain the last valid data word received and all following 


then, when the following interrupt occurs, the new data ata !s lost. 
CHAR #n CHAR #n +1 CHAR #n+2 CHAR #n+3 


sToP _ STOP STOP a STOP - 
exo | | [ool] [oe] | [eye] fete) L_[e[e] [fe] | foole 
START = | START = | START ~ | START - 


x 
9 


PROCESSOR PROCESSOR |PROCESSOR 

READS DOES NOT 
INTERRUPT STATUS READ DATA 
FOR RECEIVER REGISTER REGISTER 
DATA REGISTER 


FULL 


x 
re) 


ie eer BIT SET IN 


STATUS REGISTER 


PROCESSOR DOES 
NOT READ STATUS 


REGISTER 92CM-36796 


Fig. 11 - Effect of overrun on receiver. 
Echo Mode Timing (Fig. 12) 


In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by % of the bit time. 


VAY AV AVA ANAM 


92CM-36797 
cee i na ae Fig. 12 - Echo mode timing. 
Effect of CTS on Echo Mode Operation (Fig. 13) way as “Effects of CTS on Transmitter”. In this case, 
See “Effect of CTSon Transmitter” for the effect of GTS on however, the processor interrupts signify that the Receiver 
the Transmitter. Receiver operation is unaffected by CTS, Data Register is_full, ae the processor has no way of 
so, in Echo Mode, the Transmitter is affected in the same Knowing that the Transmitter has ceased to echo. 


CHAR #n CHAR #n+1 CHAR #n+2 CHAR #n+3 
Sat Ne a eN / 
STOP : STOP _ STOP _ STOP 
Axo feofes} fenfe} | feof] fexie] | [ele] [exje| |_|] | | 
START ~ START i: | START = | START ~ 
(Ra 
NOT-CLEAR-TO-SEND 
cTs 


STOP | 


. STOP 
ro eT | footer] Teste { | jeofer| ee] 


START START . 
CTS GOES TO 
“FALSE” CONDITION 
NORMAL 


RECEIVER DATA 
REGISTER FULL 
INTERRUPTS 


Fig. 13 - Effect of CTS on echo mode. 92CM- 36798 
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Overrun in Echo Mode (Fig. 14) For the re-transmitted data, when overrun occurs, the TxD 
line goes to the “MARK” condition until the first Start Bit 


If Overrun occursin Echo Mode, the Receiver is affected the ; 
same way as described in “Effect of Overrun on Receiver". after the Receiver Data Register is read by the processor. 


CHAR #n CHAR #x CHAR #x +1 
ete 
~~] LEPT EE ESS con ee EET | BDOERE 
START 


| START 
PROCESSOR PROCESSOR FINALLY 
PROCESSOR DOES NOT READS RECEIVER 
INTERRUPT READ RECEIVER EOF UA TxD DATA 
R , 
Fon nEC ver DATA REGISTER CHARACTER TAT RESUMES 
Dane OVERRUN OCCURS PROCESSOR 
Tx D GOES TO 
READS CONDITION IN RECEIVER 
STATUS DATA REGISTER 
REGISTER 
92CM-36788 
Fig. 14 - Overrun in echo mode. 
aiming Error (Fig. 15) interrupt occurs. Subsequent data words are tested for 


Framing Error separately, so the status bit will always 


iming Error is caused by the absence of Stop Bit(s) on sofleie: THe ae datas Word roceiuad: 


‘eived data. The status bit is set when the processor 


RxD stop! stop STOP © STOP 
ore ce sea ha i eee Se ad 

= 

RxD SOF ee elon or 


NOTES: PROCESSOR 
1. FRAMING ERROR DOES NOT INTERRUPT, 
INHIBIT RECEIVER OPERATION. FRAMING 
2. IF NEXT DATA WORD IS OK. ERROR 
FRAMING ERROR IS CLEARED. BIT SET 
92CM- 36789 


Fig. 15 - Framing error. 
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Effect of DCD on Receiver (Fig. 16) 


DCD is a modem output used to indicate the status of the 
carrier-frequency-detection circuit of the modem. This line 
goes high for a loss of carrier. Normally, when this occurs, 
the modem will stop transmitting data (RxD on the 
CDP65C51 some time later. The CDP65C51 will cause a 
processor interrupt whenever DCD changes state and will 


indicate this condition via the Status Register. 


Once such achange of state occurs, subsequent transitions 
will not cause interrupts or changes in the Status Register 
until the first interrupt is serviced. When the Status Register 
is read by the processor, the CDP65C51 automatically 
checks the level of the DCD line, and if it has changed, 
another interrupt occurs. 


CONTINUOUS**MARK” STOP STOP 


a STOP zs 
mood ese] Tele] | fete fal Poe 


START 


START 


MODEM 
- DELAY i" 


Nicest ee ee es 
IRQ att 
| Cola 
AS LONG AS t fA 
Seo ce eon DCB IS HIGH. NO INTERRUPT / 
THER 
INTERRUPT PROCESSOR INTCRRUeTS.. - processor: - WILL OCCUR PROCESSOR 
INTERRUPT Woe deccivce.(NvesnupT “TENE: SINCE INTE 
FOR DCD WikLoccua’ -RORECE 
GOING Low ENABLED UNTIL RECEIVER 
GOING UGH FIRST START BIT DATA 
DETECTED 
Fig. 16 - Effect of DCD on receiver. 92CM- 36786 


Timing with 1'2 Stop Bits (Fig. 17) 
It is possible to select 12 Stop Bits, but this occurs only for 


CHAR#n 


— 


5-bit data words with no parity bit. In this case, the 
processor interrupt for Receiver Data Register Full occurs 
in halfway through the trailing half-Stop Bit. 


CHAR #n+1 


PROCESSOR INTERRUPT 


OCCURS HALFWAY 


92CM~ 36767 


THROUGHT THE 1/2 


STOP BIT 


Fig. 17 - Timing with 1-1/2 stop bits. 


Transmit Continuous “BREAK” (Fig. 18) 


This mode is selected via the CDP65C51 Command Register 
and causes the Transmitter to send continuous “BREAK” 
characters after both the transmitter and transmitter-holding 
registers have been emptied. 


STOP Paes STOP 
xo J L_[eolo] 
START > START a 


iRQ 


———~ PERIOD DURING 


SELECTS . 

CONTINUOU 
NORMAL \ 
INTERRUPT BREAK" MODE 


WHICH PROCESSOR 


At least one full “BREAK” character will be transmitted, 
even if the processor quickly re-programs the Command 
Register transmit mode. Later, when the Command Register 
is programmed back to normal transmit mode, a Stop Bit 
will occur, from one to fifteen clock periods at the next bit 
time. 


ooo 


STOP 


POINT AT ne ie 
PROCESSOR 


PROCESSOR 


SELECTS INTERRUPT 
NORMAL TO LOAD 
TRANSMIT TRANSMIT 
MODE DATA 
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Fig. 18 - Transmit continuous “BREAK”, 
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Receive Continuous “BREAK” (Fig. 19) 
In the event the modem transmits continuous “BREAK” 


CONTINUOUS “BREAK” 


START 


eo TeT TTT Lys yy? fe ctia! SELECT LPL 


2 
rs) 


PROCESSOR 

INTERRUPT PROCESSOR 
FOR INTERRUPT 
RECEIVER WITH FRAMING 
DATA REGISTER ERROR (PARITY 
FULL AND OVERRUN 


CHECKS NORMAL) 


INTERRUPTS 


characters, the CDP65C51 will terminate receiving. Recep- 
tion will resume only after a Stop Bit is encountered by the 
CDP65C51. 


START START 


NO INTERRUPT NORMAL 
SINCE RECEIVER RECIEVER 
DISABLED UNTIL INTERRUPT 


FIRST STOP BIT 
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Fig. 19 - Receive continuous “BREAK”. 


STATUS REGISTER OPERATION 


Because of the special functions of the various status bits, 
there is a suggested sequence for checking them. When an 
interrupt occurs, the CDP65C51 should be interrogated, as 
follows: 


1. 


Read Status Register 


This operation automatically clears Bit 7 (IRQ). Sub- 
sequent transitions on DSR and DCD will cause another 
interrupt. 


. Check IRQ Bit 


If not set, interrupt source is not the CDP65C51. 


. Check DCD and DSR 


These must be compared to their previous levels, which 
must have been saved by the processor. If they are both 


G° (modem “on-line”’) and they are unchanged then 
the remaining bits must be checked. 


. Check RDRF (Bit 3) 


Check for Receiver Data Register Full. 


. Check Parity, Overrun, and Framing Error (Bits 0-2) 


Only if Receiver Data Register is Full. 


_ Check TDRE (Bit 4) 


Check for Transmitter Data Register Empty. 


. If none of the above, then CTS must have gone to the 


FALSE (high) state. 


PROGRAMMED RESET OPERATION 


A program reset occurs when the processor performs a 
write operation to the CDP65C51 with RSO low and RS1 
high. The program reset operates somewhat different from 
the hardware reset (RES pin) and is described as follows: 


1 


Internal registers are not completely cleared. The data 
sheet indicates the effect of a program reset on internal 
registers. 


. The DTR line goes high immediately. 
. Receiver and transmitter interrupts are disabled immed- 


iately. If IRQ is low when the reset occurs, it stays low 
until serviced, unless interrupt was caused by DCD or 
DSR transition. 


. DCD and DSR interrupts disabled immediately. If IRQ 


is low and was caused by DCD or DSR, then it goes 


high, also DCD and DSR status bits subsequently will 
follow the input lines, although no interrupt will occur. 


5. Overrun cleared, if set. 


MISCELLANEOUS NOTES ON OPERATION 
1. If Echo Mode is selected, RTS goes low. 
2. If BitO of Command Register is “0” (disabled), then: 
a) Allinterrupts disabled, including those caused by 
DCD and DSB transitions. 


b) Receiver disabled, but a character currently being 
received will be completed first. 


3. Odd parity occurs when the sum of allthe “1” bits inthe 
data word (inciuding the parity bit) is odd. 


4. Inthe receive mode, the received parity bit does not go 
into the Receiver Data Register, but is used to generate 
parity error for the Status Register. 


5. Transmitter and Receiver may be in full operation 
simultaneously. This is “full-duplex” mode. 


6. If the RxD line inadvertently goes low and then high 
during the first 9 receiver clocks after a Stop Bit; a false 
Start Bit will result. 


For false Start Bit detection, the CDP65C51 does not 
begin to receive data, instead, only a true Start Bit 
initiates receiver operation. 


7. A precaution to consider with the crystal oscillator 
Circuit is: 
The XTLI input may be used as an external clock 
input. The XTLO pin must be floating and may not 
be used for any other function. 


8. DCD and DSR transitions, although causing immediate 
processor interrupts, have no effect on transmitter 
operation. Data will continue to be sent, unless the 
processor forces transmitter to turn off. Since these are 
high-impedance inputs, they must not be permitted to 
float (un-connected). If unused, they must be terminated 
either to GND or Vpp. 


GENERATION OF NON-STANDARD BAUD RATES 


Divisors 


The internal counter/divider circuit selects the appropriate 
divisor for the crystal frequency by means of bits 0-3 of the 
CDP65C51 Control Register. 


The divisors, then, are determined by bits 0-3in the Control 
Register and their values are shown in Table II. 


476 CMOS Microprocessors, Memories and Peripherals 
CDP65C51 


CDP65C51 OPERATION (Cont'd) 
Table II - Divisor Selection for the CDP65C51 


CONTROL 
REGISTER 


DIVISOR SELECTED 
FOR THE 
INTERNAL COUNTER 


BAUD RATE GENERATED 
WITH A CRYSTAL 
OF FREQUENCY (F) 


16 x External Clock at Pin Rx C 


BAUD RATE GENERATED 
WITH 1.8432 MHz 
CRYSTAL 


No Divisor Selected | 


0 0 0 1 36,864 36 864 
0 0 1 1 | 16,768 _j6 768. 109.92 46.768 
0 1 0 0 13,696 73696 = 134.58 73.696 
0 1 oO 1 12,288 —_ 72.288.~ 190 72.288 


16 x External Clock at Pin RxC 
1.8432 x 10° 


1.8432 x 10° E 
44 —= 300 ea 
1.8432 x 10° = 

3.072 _ 800 3,072 
1.8432 x 10° F 

1,536. ~ 1200 1,536 
1.8432 x 10°. F 

1,024 _~ 1800 1,024 


F 
768 
F 
512 512 
1.8432 x 10° F 
<1 y aaa 384 
1.8432 x 10° F 
266. ee 256 
1.8432 x 10° F 
Toe op... 7000 192 
1.8432 x 10° F 
eee SOG, Oe 19200 96 
Generating Other Baud Rates off-chip oscillator to achieve the same thing. In this case, 
By using a different crystal, other baud rates may be */!LI(pin6) must be the clock input and XTLO (pin 7) must 
generated. These can be determined by: be a no-connect. 


Crystal Frequency DIAGNOSTIC LOOP-BACK OPERATING MODES 


Divisor A simplified block diagram for a system incorporating a 
Furthermore, it is possible to drive the CDP65C51 with an CDP65C51 ACIA is shown in Fig. 20. 


Baud Rate = 


MICRO- 
PROCESSOR 


PROGRAM SYSTEM he) CDP65C51 
ROM RAM CONTROL ACIA 


TO DATA LINK 
92CS- 36859 


Fig. 20 - Simplified system diagram. 
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Occasionally it may be desirable to include in the system a 
facility for “loop-back” diagnostic testing, of which there 
are two kinds: 


1. Local Loop-Back 


Loop-back from the point of view of the processor. In 
this case, the Modem and Data Link must be effectively 
disconnected and the ACIA transmitter connected 
back to its own receiver, so that the processor can 
perform diagnostic checks on the system, excluding 
the actual data channel. 


2. Remote Loop-Back 


Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, itself, is discon- 
nected and all received data is immediately retrans- 
mitted, so the system on the other end of the Data Link 
may operate independent of the local system. 


The CDP65C51 does not contain automatic loop-back 
Operating modes, but they may be implemented with the 
addition of asmall amount of external circuitry. 


Fig. 21 indicates the necessary logic to be used with the 
CDP65C51. 


The LLB line is the positive-true signal to enable local loop- 
back operation. Essentially, LLB=high does the following: 


1. Disables outputs TxD, DTR, and RTS (to Modem). 
2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 


3. Connects transmitter outputs to respective receiver 
inputs: 


a) TxD to RxD 


b) DTR to DCD 
c) RTS to CTS 


LLB may be tied to a peripheral control pin to provide 
processor control of local loop-back operation. In this way, 
the processor can easily perform local loop-back diagnostic 
testing. 


TxD 


RTS DTR 


= “a 
ic a 


LLB 


SEL 


STB 
CDHC157 


+§ 


NOTES: 1. 


Remote loop-back does not require this circuitry, so LLB 
must be set low. However, the processor must select the 
following: 


1. Control Register bit 4 must be “1”, so that the transmitter 
clock=receiver clock. 


2. Command Register bit 4 must be “1” to select Echo 
Mode. 


3. Command Register bits 3 and 2 must be “1” and “0”, 
respectively, to disable IRQ interrupt to transmitter. 


4. Command Register bit 1 must be “O” to disable IRQ 
interrupt for receiver. 


In this way, the system re-transmits received data without 
any effect on the local system. 


DCD AND DSR AS SWITCH SENSE INPUTS 


The CDP65C51 (Asynchronous Communication Interface 
Adapter) has several special-purpose control pins. Among 
them are the input signals, DCD (Data Carrier Detect) and 
DSR (Data Set Ready). The normal functions of these pins 
are adequately described in the CDP65C51 data sheet and 
are not covered here. However, it is possible to use these 
pins as switch sense inputs; that is, as input pins used to 
detect the state of switches or circuit jumpers in the system. 


An important requirement of the use of DCD and DSR as | 
sense inputs is that they must not normally change state 
during system operation. If they do, and if the CDP6551 is 
enabled, then immediate processor interrupts will occur — 
and normal operation wili be interrupted. If, however, these 
pins are connected to switches or circuit-board jumper 
wires which do not change state during operation, then they 
can be sensed by the processor and may be used to select 
special operating modes. 


The circuit connections are quite simple and are outlined in 
Fig. 22. 


Note that pull-up resistors are required, since DCD and 


DSR are high-impedance inputs on the CDP65C51. 


CDP65C51 


RxD OCD CTS OSR 


Y 


CDHC157 : 


3A | ——_____—__.cns 


4A 


-MODEM 


92CM- 36799 


HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE. 


2. HIGH ON HC157 SELECT INPUT GATES “B” INPUTS 
TO “Y” OUTPUTS; LOW GATES “A” TO “Y”. 


Fig. 21 - Loop-back circuit schematic. 
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CDP65C51 OPERATION (Cont'd) 


In order to sense the state of the inputs, it is necessary todo 
the following: 


1. Disable the CDP65C51 by setting bit 0 of the Command 
Register to a “0”. 


2. Read the CDP65C51-Status Register. Bits 5 and 6 will 
then indicate the levels on DCD and DSR, respectively. 
A “0” is a low level and a “1” is a high. 


As long as the CDP65C51 is disabled, the Status Register 
will reflect the levels on the pins and no interrupts will 
occur, even if the pins change state. However, if the 
CDP65C51 is enabled, then changes of state of the DCD 
and DSR levels cause immediate interrupts and the Status 
Register indicates the levels taken on the interrupt. Sub- 
sequent level changes are not indicated by the Status 


Register until the interrupt is serviced. Thus, it is not 
convenient to use DCD and DSR as general switching 
inputs, but they may easily be used as inputs which do not 
change regularly. 


SWITCHES 
OR 


JUMPER 
WIRES 


92CS~-36782 


Fig. 22 - Circuit connections for DCD and DSR. 


DYNAMIC ELECTRICAL CHARACTERISTICS—READ/WRITE CYCLE 
Vcc=5 V + 5%, Ta=0 to 70°C, C.=75 pF 


CHARACTERISTIC 


Cycle Time 

g2 Pulse Width tc 
Address Set-Up Time tac 
Address Hold Time tcaH 
R/W Set-Up Time | twe 
R/W Hold Time town 
Data Bus Set-Up Time tocw 
Data Bus Hold Time tHw 
Read Access Time (Valid Data) tcpr 
Fead Hold Time tur 
Bus Active Time (Invalid Data tcpa 


LIMITS 


CDP65C51-2 UNITS 


US 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


CDP65C51-1 


tcyc 
tc p 


Vi 
. VIL 
‘aC 'CAH 
Vv 
a ct///// Cn nn Mb //////////// Aaa 
“two tcwH : 
R/W a 
‘pe tHw 
ViH 
DATA BUS ; 
HL 
Write-timing waveforms 
W Vin 
R/W 


DATA BUS 


Read-timing waveforms 


92CM-36775 


Fig. 23 - Timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS—TRANSMIT/RECEIVE, See Figs. 24, 25 and 26. 


LIMITS 
ALL TYPES 


400* 


CHARACTERISTIC 


Transmit/Receive Clock Rate 


Transmit/Receive Clock High Time tcH 175 
Transmit/Receive Clock Low Time tet 175 ns 
XTLI to TxD Propagation Delay too ns 


RTS Propagation Delay . toLy 


(ttt = 10 to 30 ns) 


1 
*The baud rate with external clocking is: Baud Rate= Tex ten 


$2 
XTLI 
(TRANSMIT) 
CLOCK INPUT) 
DTR, RTS 
TxD 
NOTE: TxD RATE IS 1/16 TxC RATE TRO 
92CS~36776 (CLEAR) 
92CS -36777 
Fig. 24 - Transmit-timing waveforms with external clock. Fig. 25 - Interrupt- and output-timing waveforms. 


RxC 
(INPUT) 


CL 


NOTE: RxD RATE IS I/I6 RxC RATE 
92CS-36776 


Fig. 26 - Receive external clock timing waveforms. 
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Product Preview 


TERMINAL ASSIGNMENT 


CMOS Serial 10 Bit A/D Converter 


Features: 


w 10-bit resolution 
8-bit accuracy 
8-bit mode 


| 
2 
3 
4 
5 
6 
7 
8 


required 


TOP VIEW 
92CS-38112 


The CDP68HC68A1 is a CMOS 10-bit successive 
approximation analog to digital converter (A/D) witha 
serial peripheral interface (SPI) bus and eight analog 
inputs. A precision on chip voltage reference is available 
for 5 volt operation or the Vop pin may be used with an 
external reference for ratiometric operation. The 
operating range of the converter includes the entire Vop 
to Vss voltage range for each of the eight inputs. 


The CDP68HC68A1 implements a switched capacitor, 
successive approximation A/D conversion technique 
which provides an inherent sample and hold function. An 
on chip Schmitt oscillator provides the internal timing of 
the A/D converter. It can be driven by an external 
oscillator or system clock or connected to an external 
Capacitor to provide an independent clock. The minimum 
conversion time per input is 100 microseconds. Each 
conversion requires 14 oscillator clock pulses in the 10- 
bit mode and 12 in the 8-bit mode. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltage referenced to Vss terminal)..........cccc cece vee eeeeueee 
INPUT VOLTAGE RANGE, ALL INPUTS ........... 0c cece eee eee 
DC INPUT CURRENT, ANY ONE INPUT ............ 0.0. cece eee 


POWER DISSIPATION PER PACKAGE (Pp): 


For Ta = -40 to +60°C (PACKAGE TYPE E) .......... cece eens 
For Ta = +60 to +85°C (PACKAGE TYPE E).............0 000 eee 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


| 
a 
s SPI (Serial Peripheral Interface) 
= No zero or fullscale adjustments 


= Operators ratiometrically or with 
internal 5 volt reference 
= 100 us conversion time 


Pe SS 
ooe eer eer ere ee ee oe ree meee eee eee ereeeeeereerereeeeesee 


eoeeeerereeee ere eens nee eer seer eee eee sree ener eee er rere eer ere ns evoeenne 


Co 


Ce 


= 8 multiplexed analog input 
channels 

# /ndependent channel select with 
autoscanning 

Multiple modes of operation 

On chip oscillator 

Low power CMOS circuitry 

16-pin dual-in-line plastic package 


A unique features of the CDP68HC68A1 allows any 
combination of the eight input channels to selected and 
sequentially scanned in any one of three modes. The 
mode selection enables single, 8 channel or continuous 
conversion operation. The device has three write only 
registers which are used to select the mode of operation, 
input channels, and starting address. The 10-bit 
conversion data is stored (right justified) in two 8-bit 
bytes. The most significant byte contains two status bits 
which may be monitored by the microcomputer. An 8-bit 
mode is available which performs an eight bit conversion 
and stores the data in a single eight bit byte. In the 10-bit 
mode, all sixteen data bytes are directly addressable and 
in the 8-bit mode only the eight bit data byte is 
accessible. A status register is available to monitor the 
status of the conversion and the current channel address. 
The status register can be used for system polling or the 
INT pin can be used for interrupt driven communications. 


The CDP68HC68A1 is supplied in a 16-lead dual-in-line 
plastic package (E suffix). 


-0.5to+7V 
-0.5 to Von +0.5 V 
+10mA 


For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@S) ........ cece ccc cece eect eee een een e een en eens +e 40 mW 


OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE E 
STORAGE-TEMPERATURE RANGE (Taig) 
LEAD TEMPERATURE (DURING SOLDERING): 


oor eee eee eee eer eee eee reer ereovreovrererertr oer eresenseererrerevr eevee e ee vreeer reeves ereereereeerse eee eevee ererer eevee eee eee eeve 


Ce i 


Aldistance 1/16 °1732 in: (1.59':0:79 mm): from case for 10:8: Max. aia iodides see Phd G44 ).06 SEM ad Ra ee RADE Rd +265°C 


File Number 1556 
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OPERATING CONDITIONS at T, = -40° to +85°C 
For maximum rellability, operating conditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


Internal Reference Mode 


DC Operating Voltage Range 


Ratiometric Mode 


Input Voltage Range 


Serial Clock Frequency Voo=3V fsck 


STATIC ELECTRICAL CHARACTERISTICS at T, = -40 to +85°C, Voo = V= 5 V + 10%, Except as Noted 


LIMITS 


CONDITIONS CDP68HC68A1 


ere 
Output Voitage High Level Vou lon = -1.6 mA, Vop = 4.5 V a 


Output Voltage Low Level Voi lo. = 1.6 MA, Vop = 4.5 V peas aaa | 


Output Voltage High Level Vow lon = 10 WA, Von = 4.5 V Oa ee | 


Output Voltage Low Level lo. <= 10 WA, Von = 4.5 V =a 


Input Leakage Current ee eed 
2-State Output Leakage Current fr ee eee ee ee 


Operating Device Current 
Internal Reference Mode 
Crystal Operation 


CHARACTERISTIC 


Outputs Open Circuited 
Vin = Vir, Vin 


Driven Oscillator 
mA 


Ratiometric Mode 
Crystal Operation 
Driven Oscillator 


Input Capacitance Cin 


e Typical values are for Ta = 25°C and nominal Vpp. 


Vin = 0, Ta = 25°C 
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Product Preview 
poor GHENe CMOS Real-Time Clock with 
RAM and Power Sense/Control 
Vv 
XTAL our‘ Features: 
TBE AN = SPI (Serial Peripheral Interface) a Minimum standby (timekeeping) 
oe # Full clock features: sec., min., hrs voltages: 2.2 volts 
Vv 2 “3; "3 . 
co (12/24, AM/PM), day of week, @ pp lee crystal or 50/60 Hz line 
POR date, month, year, (0-99), auto e 
— leap yr ms Buffered clock output 
= SeRTTaT = 32-Word x 8-bit RAM a Battery input pin 
92CS- 38053 = Seconds, minutes, hours alarm Three independent interrupt modes: 


The CDP68HC68T1, real-time clock provides a 
time/calendar function, a 32 byte static RAM and a 3-wire 
serial peripheral interface (SP! bus). The primary function 
of the clock is to divide down a frequency input that can 
be supplied by the on-board oscillator in conjunction with 
an external crystal or by an external clock source. The 
clock either operates with a 32+kHz, 1+MHz, 2+MHz or 
4+MHz crystal or it can be driven by an external clock 
source at the same frequencies. In addition, the 
frequency can be selected to allow operation from a 50 or 
60 Hz input. The time registers furnish seconds, minutes, 
and hours data while the calendar registers offer day of 
week, date, month and year Information. The data in the 
time/calendar registers Is in BCD format. In addition, 12 
or 24 hour operation can be selected with an AM-PM 
indicator available in the 12 hour mode. The T1 has a 
separate clock output that supplies one of 7 selectable 
frequencies. 


Computer handshaking is established with a “wired or” 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vopp) 


(Voltage referenced to Vsg terminal) ..... cc ccc ceeneeeveeeeeneneees 
INPUT VOLTAGE RANGE, ALLINPUTS .....cccceeeeeveceveaeees 
DC INPUT CURRENT, ANY ONEINPUT .... ccc cece cee e cence neues 


POWER DISSIPATION PER PACKAGE (Pp): 


For Ta = -40 to +60°C (PACKAGE TYPE E) .... cscs eec cece neces 
For Ta = +60 to +85°C (PACKAGE TYPE E) ccc cece sectcceeeeeees 
For Ta = -65 to +100°C (PACKAGE TYPED)... . cece cece eee ee ee 
For Ta = +100 to +125°C (PACKAGE TYPE D) wc. cece eece eee a eee 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


Automatic power loss detection 


alarm, periodic or power down sense 


interrupt output. The interrupt can be activated by any 
one df three separate internal sources. The first is an 
alarm circuit that consists of seconds, minutes and hours 
alarm latches that trigger the interrupt when they are in 
coincidence with the value in the seconds, minutes and 
hours time counters. The second interrupt source is one 
of 15 periodic signals that range from subsecond to daily 
intervals. The final interrupt source is from the power 
sense circuit that is used with the LINE input pin to 
monitor power failures. Two other pins, the power supply 
enable (PSE) output and the Vsys input are used for 
external power control. The reset Output pin is 
available for power down operation and is activated under 
software control. is also activated by a watchdog 
circuit that if enabled requires the CPU to toggle the CE 
pin periodically without a serial data transfer. 


The CDP68HC68T1 is available in a 16-lead hermetic 
dual-in-line ceramic package (D suffix) and in a 16-lead 
dual-in-line plastic package (E suffix). 


COR DARE VO AARAD ERG eh eRe OE Aa OTE IN +10mA 
ee re eee Ser ee re ae ae nee rere 500 mW 


ihe aR AA AIE AIO AG AE Cae BOR avd Neh nea RR ¥ Meh wal aa Dae 500 mW 


For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@S) .... ccc cece sete eaters eeetneetenteerneeeneaeeaes 40 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPED cosinaeinl candy sc iuieneerasa ies senate 
PACKAGE TY PEE vasa seven ease ea eaG ace eeiesee bes Aeon 
STORAGE-TEMPERATURE RANGE (Tag) ...s cc seee eect teeeenes 


LEAD TEMPERATURE (DURING SOLDERING): 


ia Cite Cea iAe a Oe 8 gl eG aR a Tee aes -55 to +125°C 
Sd ERS AN ROO A DUR WAGE COs rN REG RO RO Rae aa -40 to +85°C 
Liaise eA We saa Le a Sea Wie Rae beat hasa an -65 to +150°C 


At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from Case for 10S MAX. cree icccc cence cee eeeeeseeeeneeteeeeneeeeeeeerreetetnga +265°C 


File Number 1547 
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OPERATING CONDITIONS at Ta = -40° to +85°C 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC UNITS 


DC Operating Voltage Range ae a ae 
DC Standby (Timekeeping) Voltage * Vstey = : 
Input Voltage Range Vin 

Vi 


Serial Clock Frequency oe | = | ase 


* Timekeeping function only, no READ/WRITE accesses 


CE M-PM AK 
v CiReciy ‘ HOURS” CALENDAR 
LOGIC LOGIC 
LINE 
©) 50 460 Hz = a 
XTAL OUT OSCILLATOR PRESCALE SECOND [—*-*| MINUTE | our [> DAY / DAY ee 


O 
VBATT ie 
C) 
PRESCALE| CLOCK 
SELECT | SELECT 
CLOCK OUT a 
O 
5 CLOCK 
CONTROL 
Vop 
oe 


8- BIT DATA BUS 
REGISTER 


Oo-_—- COMPARATOR 
SECOND MINUTE |__| HOUR 
LATCH LATCH LATCH 
LINE 
O 
VSYs 
O 
POR 
65 
PSE 
O 
PUR 
o£ 
OSck 
MLSO 
O 
MOSI 
O 


9g2CL- 37940 
SERIAL 
INTERFACE 


Fig. 1 - Real-time clock functional diagram. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vop = Vaatr = 5 V + 10%, Except as Noted 


LIMITS 


CHARACTERISTIC CONDITIONS CDP68HC68T1 UNITS 
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Quiescent Device Current lbp ee ee 

Output Voltage High Level____—Von_ |“ lon=-1.6mA,Voo=45V | 37 | — | — | 

Output Voltage Low Level Vor SE ee 

OuiputVoltageHigh Level Von | lon 104A Voo=asv | 44 | — | — | — 

Output Voltage Low Level Vor gererorerroosrraee Gee a BF 
pO 


Input Leakage Current lin 
3-State Output Leakage Current lour 
Operating Current # 


(lop + lob) 


Crystal Oscillator 


External Clock 


Input Capacitance 


Maximum Clock Rise and 
Fall Times * tr, te 


¢ Typical values are for Ta = 25°C and nominal Vpp. 
# Outputs open circuited. 
* Except XTAL input. 
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0 SECONDS r, W $20 

MINUTES rw | $24 

HOURS r, W $22 

32 RAM LOCATIONS CaVanweon wiles 

DATE rw |g04 

MONTH rw | $05 

31 YEARS r, w| $26 

32 NOT USED $27 

CLOCK/CALENDAR poco W _|$28 

MIN ALARM w_|s29 

50 HRS ALARM w_|goa 

54 NOT USED $28 

NOT USED $20 

NOT USED $2D 

13 BYTES UNUSED SA cuRED - 

NOT USED $2F 

STATUS REGISTER r__|sa0 

63 CONTROL REGISTER wl a1 

85 TEST MODE INTERRUPT CONTROL REGISTER r, w|g99 

r= readable w = writable 82C8-96081 


Fig. 2 - Address map. 


TABLE I - Clock/Calendar and Alarm Data Modes 


ADDRESS DECIMAL BCD DATA BCD DATE e 
LOCATION (H) FUNCTION RANGE RANGE EXAMPLE 
a a Minutes Saas ee 49 
* Hours -12 81-92 (AM) A3 
12 Hour Mode A1-B2 (PM) 
Hours -23 00-23 15 
24 Hour Mode 
23 Day of the Week 01-07 03 
(Sunday = 1) 
Day of the Month 1-31 01-31 29 
(Date) 
Month 01-12 10 
Jan =1, Dec = 12 
** Alarm Hours 1-12 01-12 ( 23 
12 Hour Mode 21 uae 
Alarm Hours 00- 23 15 
24 Hour Mode 
e Example: 3:49:18, Tuesday, Oct. 29, 1985. ** Alarm hours, Data Bit D5 is “1” for P.M. and 
* Most significant Bit, D7, is “O” for 24 hours, and “1” for 12 hour mode. “0” for A.M. in 12 hour mode. 


Data Bit D5 is “1” for P.M. and “O” for A.M. in 12 hour mode. Data Bits D7 and D6 are DON’T CARE. 
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PROGRAMMERS MODEL - CLOCK REGISTERS 


HEX | HEX ADDRESS | | WRITE/READ REGISTERS REGISTERS 
TENS 0- 5 UNITS 0-9 
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SECONDS (00-59) 


20 
TENS 0-5 UNITS 0-9 MINUTES (00-59) 
21 
DB7, 1=12HR,0=24HR 
HR x PM/AM ; UNITS 0-9 DB5 = 1PM,0=AM mn 
22 TENS 0- HOURS (01-12 OR 00-23) 
SUNDAY = 1 
UNITS 1-7 DAY OF WK (01-07) ———— 
23 
01-28 
(DATE) 29 
7 TENS 0-3 UNITS 0-9 DAY OF MONTH 30 | — 
31 
JAN = 1 
TENS 0-1 UNITS 0-9 MONTH (01-12)- neo = 427 
25 : 
TENS 0-9 UNITS 0-9 YEARS (00-99) 
26 
7 6 5 4 CONTROL 
31 
INTERRUPT 
32 
WRITE ONLY REGISTERS 
7 TENS 0-5 UNITS 0-9 ALARM SECONDS (00-59) — 
. TERSCOZE | UNITSO.9 0-9 ALARM MINUTES (00-59) — 
PM/AM ALARM HOURS (01-12 or 00-23) 
UNITS 0-9 PLUS AM/PM IN 12 HR. MODE 
2A TENS 0-2 
PM = 1, AM=0 
READ ONLY REGISTER 
30 76 5 4 3 2 1° 9} status 


NOTE: X = DON’T CARE WRITES 
X = 0 WHEN READ 


7 6 ) BIT, 3 2 1 0 


HEX ADDRESS 00-1F 


RAM DATA BYTE 
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FUNCTIONAL DESCRIPTION 


The SPI real-time clock consists of a clock/calendar and 
a 32 x 8 RAM. Communications is established via the SPI 
(Serial Peripheral Interface) bus. In addition to the 
clock/calendar data from seconds to years, and system 
flexibility provided by the 32 byte RAM, the clock features 
computer handshaking with an interrupt output and a 
separate square wave clock output that can be one of 7 
different frequencies. An alarm circuit is available that 
compares the alarm latches with the seconds, minutes 
and hours time counters and activates the interrupt 
output when they are equal. The clock is specifically 
designed to aid in power down/up applications and offers 
several pins to aid the designer of battery back-up 
systems. 


CLOCK/CALENDAR (See Figs. 1 and 2.) 


The clock/calendar portion of this device consists of a 
long string of counters that is toggled by a 1 Hz input. 
The 1 Hz input is generated by a prescaler driven by an 
on-board oscillator that utilizes one of four possible 
external crystals or that can be driven by an external 
clock source. The 1 Hz trigger to the counters can also be 
supplied by a 50 or 60 Hz input source that is connected 
to the LINE input pin. 


The time counters offer seconds, minutes and hours data 
in 12 or 24 hour format. An AM/PM indicator is available 
that once set, toggles every 12 hours. The calendar 
counters consist of day (day of week), date (day of 
month), month and years information. Data in the 
counters is in BCD format. The hours counter utilizes 
BCD for hour data plus bits for 12/24 hour and AM/PM. 
The 7 time counters are accessed serially at addresses 
20H through 26H (See Table I). 


RAM 


The real time clock also has a static 32 x 8 RAM that is 
located at addresses 00-1FH. Transmitting the 
address/control word with bit 5 low selects RAM access. 
Bits 0 through 4 select the RAM location. 


ALARM 


The alarm is set by accessing the three alarm latches and 
loading the required data. The alarm latches consist of 
seconds, minutes and hours registers. When their outputs 
equal the values in the seconds, minutes and hours time 
counters, an interrupt is generated. The interrupt output 
will go low if the alarm bit in the Interrupt Control register 
is set high. The alarm interrupt bit in the Status register is 
set when the interrupt occurs. To preclude a false 
interrupt when loading the time counters, the alarm 
interrupt bit should be set low in the Interrupt Control 
register. This procedure is not required when the alarm 
time is set. 


WATCHDOG FUNCTION (See Fig. 6.) 


When bit 7 in the Interrupt Control register is set high, the 
Clock’s CE (chip enable) pin must be toggled at a regular 
interval without a serial data transfer. If the CE is not 

toggled, the clock will supply a CPU reset pulse and bit 6 


in the Status Register will be set. Typical service and reset 


times are listed below. 
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eo 


ee 
Reset Time | 20 |4 


CLOCK OUT 


The value in the 3 least significant bits of the Clock 
Control register selects one of seven possible output 
frequencies. (See Clock Control Register). This square 
wave signal is available at the CLK OUT pin. When Power 
Down operation is initiated, the output is set low. 


CONTROL REGISTERS AND STATUS REGISTERS 


The operation of the Real-Time Clock is controlled by the 
Clock Control and Interrupt Control registers. Both 
registers are read-write registers. Another register, the 
Status register, is available to indicate the operating 
conditions. The Status register is a read only register. 


POWER CONTROL 


Power control is composed of two operations, Power 
Sense and Power Down/Up. Two pins are involved in 
power sensing, the LINE input pin and the TNT output pin. 
Two additional pins are utilized during power down/up 
operation. They are the PSE (Power Supply Enable) 
Output pin and Vsys input pin. 


POWER SENSING (See Fig. 3.) 


When Power Sensing is enabled (Bit 5 = 1 in Interrupt 
Control Register), AC transistions are sensed at the LINE 
input pin. Threshold detectors determine when 
transistions cease. After a delay of 2.68 to 4.64ms plus the 
input circuit RC time constant, an interrupt is generated 
and a bit is set in the status register. This bit can then be 
sampled to see if system power has turned back on. 


CPU 
CDP6805 D2 


REAL-TIME CLOCK 
COP68HCEBT| 


a a ed 


STATUS REGISTER 


92C8~3794| 


Fig. 3 - Power sensing functional diagram. 
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POWER DOWN (See Fig. 4.) 


Power down is a processor-directed operation. A bit is set 
in the Interrupt Control Register to initiate operation. 3 
pins are affected. The PSE (Power Supply Enable) output, 
normally high, is placed low. The CLK OUT is placed low. 
The CPUR output, connected to the processors reset 
input is also placed low. In addition, the Serial Interface 
and Power Sense are disabled. 


TO SYSTEM 
POWER CONTROL 


FROM SYSTEM 
POWER 


INTERRUPT 
CONTROL Sor 
REGISTER 


| CPUR 
SERIAL add Ws 
INTERFACE 4G 


REAL- TIME CLOCK 
CDP68HCE68TI 


CDP 680502 


92CS- 37942 


Fig. 4 - Power down functional diagram. 


POWER UP (See Figs. 5 and 6.) 


Two conditions will terminate the Power Down mode. The 
first condition (See Fig. 5) requires an interrupt. The 
interrupt can be generated by the alarm circuit or the 
programmable periodic interrupt signal. 


The second condition that releases Power Down occurs 
when the level on the Vsys pin rises about 1 volt above the 
level at the Vearr input, after previously falling to the level 
of Veatr. See Fig. 6. 


ALARM 
CIRCUIT 


PERIODIC 
INTERRUPT 
SIGNAL IN 


SERIAL : 
INTERFACE oo 


REAL-TIME CLOCK 
CDP68HC68TI 


+4 


92CS-37943 


Fig. 5 - Power up functional diagram (Initiated by Interrupt Signal). 
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-T ~~ TVBATT 


SERIAL z 

INTERFACE ° 
REAL-TIME CLOCK 

CDP68HC68TI 


92CS-37944° 


Fig. 6 - Power up functional diagram (Initiated by a rise in voltage 
on the “Vsys” pin). 


PIN FUNCTIONS 


CLK OUT - Clock output pin. One of 7 frequencies can be 
selected (or this output can be set low) by the levels of 
the three LSB’s in the clock control register. Ifa 
frequency is selected, it will toggle with a 50% duty cycle. 
(ex. If 1Hz is selected, the output will be high for 500ms 
and low for the same period). During power down 
operation (bit 6 in Interrupt Control Register set to “1”), 
the clock out pin will be set low. 


CPUR - CPU reset output pin. This output is placed low 
from 15 to 40ms when the watchdog function detects a 
CPU failure. The low level time is determined by the 
frequency input source selected as the time standard. 
When power down is initiated the CPUR pin is set low. 


INT - Interrupt output pin. This output is driven from a 

single NFET pulldown transistor and must be tied to an 

external pullup resistor. The output is activated to a low 

level when: 

1 - Power sense operation is selected (B5 = 1 in 
Interrupt Control Register) and a power failure occurs. 

2-A previously set alarm time occurs. 

3 - A previously selected periodic interrupt signal 
activates. 

The status register must be read to set the Interrupt 

output high after the selected periodic interval occurs. 

This is also true when conditions 1 and 2 activate the 

interrupt. If power down had been previously selected, 

the interrupt will also reset the power down functions. 


SCK, MOSI, MISO - See Serial Peripheral Interface (SPI) 
section in this data sheet. 


CE - A positive chip enable input. A low level at this input 
holds the serial interface logic in a reset state. This pin is 
also used for the watchdog function. 


Vss - The negative power supply pin that is connected to 
ground. 
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PSE - Power supply enable output pin. This pin is used to 

control power to the system. The pin is set high when: 

1 - Vsys rises above the Vearr voltage after Vsys was 
placed low by a system failure. 

2 - An interrupt occurs. 

3 - A power-on reset. 

The PSE pin is set low by writing a high into bit 6 (power 

down bit) in the Interrupt Control Register. 


POR - Power-on reset. A schmitt trigger input that 
generates a power-on internal reset signal using an 
external R-C network. Both control registers and 
frequency dividers for the oscillator and line input are 
reset. The status register is reset except for the first time 
up bit (B4), which is set. 


LINE - This input is used for two functions. The first 
function utilizes the input signal as the frequency source 
for the timekeeping counters. This function is selected by 
setting bit 6 in the Clock Control Register. The second 
function enables the line input to sense a power failure. 
Threshold detectors operating above and below Vpp 
sense an AC voltage loss. Bit 5 must be set to “1” in the 
Interrupt Control Register and crystal or external clock 
source operation is required. Bit 6 in the Clock Control 
Register must be low to select XTAL operation. 


REGISTERS 


CLOCK CONTROL REGISTER (Write/Read) - Address 31H 


D7 


START-STOP - A high written into this bit will enable the 
counter stages of the clock circuitry. A low will hold all 
bits reset in the divider chain from 32 Hz to 1 Hz. A clock 
out selected by bits 0, 1 and 2 will not be affected by the 
stop function except the 1 and 2 Hz outputs. 


LINE-XTAL - When this bit is set high, clock operation 
will use the 50 or 60 cycle input present at the LINE input 
pin. When the bit is low, the crystal input will generate the 
1 Hz time update. 


XTAL SELECT - One of 4 possible crystals are selected 
by value in these two bits. 
0 = 4.194304 MHz 


= 2 048576 MHz 
1 = 2.097152 MHz 3 


1 
32,768 Hz 


D6 D5 D4 
LINE XTAL XTAL 
SEL SEL 
XTAL 1 0 2 0 
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Vsys - This input is connected to the system voltage. After 
the CPU initiates power down by setting bit 6 in the 
Interrupt Control Register to “1”, the level on this pin will 
terminate power down if it rises 0.7 volt above the level at 
the Vearr input pin after previously falling below Vearr + 
0.7 volts. When power down is terminated, the PSE pin 
will return high and the Clock Output will be enabled. The 
CPUR output pin will also return high. 


Veatt - The oscillator power source. The positive terminal 
of the battery should be connected to this pin. When the 
level on the Vsys pin falls below Veatr + 0.7 volts, the Veartr 
pin will be internally connected to Von. When the “LINE” 
input is used as the frequency source, Veatrr may be tied 
to Von or Vss. The “XTAL IN” pin must be at Vss if Vaart is 
at Vss. If Vaart is connected to Vpp, the “XTAL IN” pin can 
be tied to Vss or Vpp. 


XTAL IN, XTAL OUT - These pins are connected to a 
32,768 Hz, 1.048576 MHz, 2.097152 MHz or 4.194304 MHz 
crystal. If an external clock is used, it should be 
connected to “XTAL IN” with “XTAL OUT” left open. 


Voo - The positive power supply pin. 


D3 D2 D1 DO 


CLK OUT CLK OUT CLK OUT 


50-60 Hz - 50 Hz is selected as the line input frequency 
when this bit is set high. A low will select 60 Hz. The 
power sense bit in the Interrupt Control Register must be 
set low for line frequency operation. 


CLOCK OUT - The three bits specify one of the 7 
frequencies to be used as the square-wave clock output. 


0 = XTAL 4 = Disable (low output) 
1 = XTAL/2 5 = 1 Hz 

2 = XTAL/4 6 = 2 Hz 

3 = XTAL/8 7 = 50 or 60 Hz 


XTAL Operation = 64 Hz 


All bits are reset by a power-on reset. Therefore, the 
XTAL is selected as the clock output at this time. 
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INTERRUPT CONTROL REGISTER (Write/Read) - Address 32H 


D7 D6 D5 D4 
WATCHDOG POWER POWER ALARM 
DOWN SENSE 


D3 D2 D1 DO 


WATCHDOG - When this bit is set high, the watchdog required when power sense is enabled. An interrupt is 
operation will be enabled. This function requires the CPU generated when a power failure is sensed and the power 
to toggle the CE pin periodically without a serial transfer sense and Interrupt True bit in the Status Register are set. 
rem rad the event this does not oceur,a CPU reset = 4) Anay _ The output of the alarm comparator is enabled 

when this bit is set high. When a comparison occurs 
POWER DOWN - A high in this location will initiate a between the seconds, minutes and hours time and alarm 
power down. A CPU reset will occur, the CLK OUT and counters, the interrupt output is activated. When loading 
PSE output pins will be set low and the serial interface the time counters, this bit should be set low to avoid a 
will be disabled. false interrupt. This is not required when loading the 


POWER SENSE - This bit is used to enable the line input —-/4"'M counters. 

pin to sense a power failure. It is set high for this function. PERIODIC SELECT - The value in these 4 bits will select 
When power sense is selected, the input to the 50/60 Hz the frequency of the periodic output as listed below. (See 
prescaler is disconnected, therefore crystal operation is Table I). 


Table I - Periodic Interrupt Output 


FREQUENCY TIMEBASE 


DO-D3 
VALUE 


PERIODIC-INTERRUPT 
OUTPUT FREQUENCY 


XTAL LINE 


Disable 
2048 Hz 
1024 Hz 


oncom ie a 
| 
a a 
a 
ae ner nemereaees ee oem 
[wero SC—C~iSCSSCid 
a a 
a Ee ae NE OR 


All bits are reset by power-on reset. 
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STATUS REGISTER (Read Only) - Address 30H 
D7 D6 D5 D4 


WATCHDOG TEST FIRST 
MODE TIME 


UP 


WATCHDOG: - If this bit is set high, the watchdog circuit 
has detected a CPU failure. 


TEST MODE - When this bit is set high, the device is in 
the TEST MODE. 


FIRST TIME UP - Power-on reset sets this bit high. This 
signifies that data in the RAM and Clock is not valid and 
should be initialized. 


INTERRUPT TRUE - A high in this bit signifies that one of 
the three interrupts (Power Sense, Alarm, and Clock) is 
valid. 
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D3 D2 D1 DO 


INTERRUPT; POWER 
TRUE SENSE 
INTERRUPT 


INTERRUPT | INTERRUPT 


POWER SENSE INTERRUPT - This bit set high signifys 
that the power sense circuit has generated an interrupt. 


ALARM INTERRUPT - When the seconds, minutes and 
hours time and alarm counter are equal, this bit will be set 
high. 

CLOCK INTERRUPT - A periodic interrupt will set this bit 
high. 


All bits are reset by a power-on reset except the “FIRST- 
TIME UP” which is set. All bits except the power sense bit 
are reset after a read of this register. 


SERIAL PERIPHERAL INTERFACE (SPI) 


PIN SIGNAL DESCRIPTION 


SCK (Serial Clock Input)* - This input causes serial date 
to be latched from the MOSI input and shifted out one the 
MISO output. 


MOSI (Master Out/Slave In)* - Data bytes are shifted in at 
this pin most significant bit (MSB) first. 


MISO (Master In/Slave Out)* - Data bytes are shifted out 
at this pin most signficant bit (MSB) first. 


TRUTH TABLE 


DISABLED INPUT 


DISABLED 


L 
RESET 
_ 
- 


CE (Chip Enable)** - A positive chip enable input. A low = 


level at this input holds the serial interface logic in a reset 
state, and disables the output driver at the MISO pin. 


* These inputs will retain their previous state if the line 
driving them goes into a High-Z state. 


** The CE input has as internal pull-down device - if the 
input is in a low state before going to a High Z, the input 
can be left in a High Z. 


SIGNAL 


INPUT 
DISABLED 


DATA BIT HIGH Z 
LATCH 
X NEXT DATA 
BIT SHIFTED 
OUT A 


A MISO remains at a High Z until 8 bits of data are ready to be shifted out during a READ. It remains at a High Z during 


the entire WRITE cycle. 
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FUNCTIONAL DESCRIPTION 


The Serial Peripheral Interface (SPI) utilized by the 
CDP68HC68T11 is a serial synchronous bus for address 
and data transfers. The clock, which is generated by the 
microcomputer, is active only during address and data 
transfers. In systems using the CDP68HC05C4 or 
CDP68HCO05D2, the inactive clock polarity is determined 
by the CPOL bit in the microcomputer’s control register. 
A unique feature of the CDP68HC68T1 is that it 
automatically determines the level of the inactive clock by 
sampling SCK when CE becomes active (see Fig. 7). 
Input data (MOSI) is latched internally on the Internal 
Strobe edge and output data (MISO) is shifted out on the 
Shift edge, as defined by Fig. 7. There is one clock for 
each data bit transferred (address as well as data bits are 
transferred in groups of 8). 


ADDRESS AND DATA FORMAT 
There are three types of serial transfer. 


1. Address Control - Fig. 8 
2. READ or WRITE Data - Fig. 9 
3. Watchdog Reset (actually a non-transfer) - Fig. 10 


The Address/Control and Data bytes are shifted MSB 
first, into the serial data input (MOSI) and out of the serial 
data output (MISO). 


Any transfer of data requires and Address/Control byte to 
specify a Write or Read operation and to select a Clock 
or RAM location, followed by one or more bytes of data. 


Data is transferred out of MISO for a Read and into MOSI 
for a Write operation. 


ADDRESS/CONTROL BYTE - Fig. 8 


It is always the first byte received after CE goes true. To 
transmit a new address, CE must first go false and then 


CE F 
SHIFT = _ INTERNA 
CPOL= | { if STROBE | 


ce ne, aa 


SHIFT [istrose | 


CPOL=0 STROBE 


"CPOL" IS A BIT THAT IS SET IN THE 
MICROCOMPUTER'S CONTROL REGISTER 
92CS-37945 


NOTE: 


Fig. 7 - Serial RAM clock (SCK) as a function of MCU clock 
polarity (CPOL). 


true again. Bit 5 is used to select between Clock and RAM 
locations. 


BIT 7 6 5 4 3 2 1 0 


0-4 A0-A4 Selects 5 Bit HEX Address of 
RAM or specifies Clock Register. 
Most significant Address Bit. 

If equal to “1”, AO through A4 
selects a Clock Register. 

If equal to “0”, AO through A4 
selects one of 32 RAM locations. 
Must be set to “O” when not in 
Test Mode 

W/R = “1” initiates one or more 
WRITE cycles. 

W/R = “0”, initiates one or more 
READ cycles. 


5 CLOCK/RAM 


77m 1 [at Te Tel § YZ 


SCK CAN BE EITHER POLARITY. 


92CM-37946 


Fig. 8 - Address/Control byte transfer waveforms. 
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READ/WRITE DATA - (See Fig. 9.) 
Read/Write data follows the Address/Control byte. 


BIT 7 6 5 4 3 2 1 0 

CE \ 

s/h OD hd RE 
A 


“ZA-T-l*[*l*leZZZ 2 


SCK CAN BE EITHER POLARITY 
92CM— 37948 


Fig. 9 - Read/Write data transfer waveforms. 


WATCHDOG RESET - (See Fig. 10.) 


When watchdog operation is selected, CE must be 
toggled periodically or a CPU reset will be outputed. 


| , SERVICE | SERVICE | 
TIME TIME 
CE | | | | | 


SCK 
CPUR | | | 
92CS-37947 
Fig. 10 - Watchdog operation waveforms. 

ADDRESS AND DATA 
Data transfers can occur one byte at a time (Fig. 11) orin If the Real-Time Clock is not disabled, additional bytes 
a multi-byte burst mode (Fig. 12). After the Real Time can be read or written in a burst mode. Each Read or 
Clock is enabled, an Address/Control word is sent to Write cycle causes the latched clock register or RAM 
select the CLOCK or RAM and select the type of address to automatically increment. Incrementing 
operation (i.e., Read or Write). For a single byte Read or continues after each transfer until the device is disabled. 
Write one byte is transferred to or form the clock register After incrementing to 1FH the address will “wrap” to OOH 
or RAM location specified in the Address/Control byte, and continue. Therefore, when the RAM is selected the 
the Real-Time Clock is then disabled. Additional reading address will “wrap” to OOH and when the clock is 


or writing requires re-enabling the device and providing a selected, the address will “wrap” 20H. 
new Address/Control byte. ) 
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ce 


emer PF 


WRITE 


: 
sie 


16) DATA BYTE DATA BYTE ° DATA BYTE 
® 
ADORESS BYTE 
w/R ADDRESS ADDRESS BYTE +1 
ADDRESS BYTE + (n-1)——————_________- 


92CM-37950 


Fig. 12 - Multiple-byte transfers waveforms. 
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DYNAMIC CHARACTERISTICS 


DYNAMIC ELECTRICAL CHARACTERISTICS - BUS TIMING Vpp + 10%, Vss = 0 V de, Ta = -40° to +85°C, 
C. = 200 pF, See Figs. 13 and 14 


LIMITS (ALL TYPES) 


IDENT. NO. CHARACTERISTIC 


Chip Enable Set-Up Time tevev 


Chip Enable After Clock Hold Time _ tcvex 
Clock Width High 

Clock Width Low 

Data In to Clock Set-Up Time tovev 
Clock to Data Propagation Delay tevov 
Chip Disable to Output High Z texaz 
Output Rise Time tr 
Output Fall Time tt 
Data In After Clock Hold Time tevpx 
Clock to Data Out Active tevax 


Clock Recovery Time trec 


QODOO@ODOXDOOOOO 


©. 
MV \\VAV\YLY \\\\\ \\\\ 
sane wis (060 a (vow SA 
CE 
7 Cg " 


SCK f 
(4) ae (3) 92CM-3795I 


Fig. 13 - WRITE cycle timing waveforms. 
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CDP68HC68T1 
or ® 
= BELELLURARERLE RR ERELE RUS LUE R EERE RE RE LER, 
mre Noanee es 80 Bh 


MISO 


92CM-37952 


Fig. 14 - READ cycle timing waveforms. 


SYSTEM DIAGRAMS 


BRIDGE 


LINE REGULATOR[ 


92CM- 37953 


Example of a system in which power is always on. Clock 
circuit driven by line input frequency. Power-on-reset 
circuit included to detect power-failure. 


Fig. 15 - Power-on always system-diagram. 
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BRIDGE 
GENERATOR 


TRQ 
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Example of a system in which the power is controlled by 
an external source. The LINE input pin can sense when a 
the switch opens by use of the POWER SENSE 

INTERRUPT. The CDP68HC68T1 crystal drives the clock 

input to the CPU using the CLK OUT pin. On power down 

when Vsys < Vgarr + -7 V. Vearr will power the 

CDP68HC68T1. A threshold detect activates a p-channel 

switch, connecting Vearr to Voo. Veatr always supplies 

power to the oscillator, keeping voltage frequence 

variation to a minimum. 


Fig. 16 - Externally controlled power system-diagram. 


A Procedure for Power-Down Operation might consist of | 4. The CPU reads the status register again after several 


the following: | milliseconds to determine validity of power failure. 

1. Set power sense operation by writing bit5 high inthe 5. The CPU sets power down bit6 in the Interrupt 
Interrupt Control Register. Control Register when power down is verified. This 

2. When an interrupt occurs, the CPU reads the status causes the CPU reset and clock out to be held low 
register to determine the interrupt source. and disconnects the serial interface. 

3. Sensing a power failure, the CPU does the necessary 6. When power returns and Vsys rises about Vearr, power 
housekeeping to prepare for shutdown. down is terminated. The CPU reset is released and 


serial communications is established. 
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AC BRIDGE 
LINE REGULATOR I 
SYSTEM 
= STEM 4.0. 
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SYSTEM 
POWER 


CDP6805D2 


VoD 
CDPG8HCE68T! Co 


92CM-37955 


Example of a system in which the power is controlled by 
the CPU. To power-down the system, the CPU gives the 
CDP68HC68T1 a power down instruction. This occurs 
when bit 6 in the INTERRUPT Control Register is set | 
high. The power down will be released by a previously 
programmed periodic interrupt or an alarm circuit 
interrupt. When the interrupt occurs, the level on the PSE 
pin will return high and the system power will be restored. 
An external switch can be included to power-up the 
system independent of a programmed power-up. 


Fig. 17 - CPU controlled power system-diagram. 
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SYSTEM 
POWER 
CLK 
(BUTTON) 
Roar 
IGNITION 


sn oa 
VBATT 
CDP6805 D2 


92CM~ 37956 


Example of an automotive system. The Vsys and LINE 
inputs can be used to sense the ignition turning on and 
off. An external switch is included to activate the system 
without turning on the ignition. Also, the CMOS CPU is 
not powered down with the system Vpp, but is held ina 
low power reset mode during power down. When 
restoring power the CDP68HC68T1 will enable the CLK 
OUT pin and set the PSE and CPUR high. 


Fig. 18 - Automotive system-diagram. 
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Advance Information/ 
Preliminary Data 


CMOS Real-Time Clock with RAM 


Features: 


Low-Power, High-Speed, High-Density CMOS 
Internal Time Base and Oscillator 

Counts Seconds, Minutes, and Hours of the Day 
Counts Days of the Week, Date, Month, and Year 
3 V to 6 V Operation 


Time Base Input Options: 4.194304 MHz, 1.048576 MHz, or 
32.768 kHz 


Time Base Oscillator for Parallel Resonant Crystals 
40 to 200 pW Typical Operating Power at Low Frequency Time Base 


4.0 to 20 mW Typical Operating Power at High Frequency Time 
Base 


Binary or BCD Representation of Time, Calendar, and Alarm 
12- or 24-Hour Clock with AM and PM in 12-Hour Mode 
Daylight Savings Time Option 
Automatic End of Month Recognition 
Automatic Leap Year Compensation 

@ Microprocessor Bus Compatible 


' 
2 
3 
4 
5 
6 
7 
8 
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TERMINAL ASSIGNMENT 


The CDP6818 Real-Time Clock plus RAM is a peripheral 


@ MOTEL Circuit for Bus Universality 
device which includes the unique MOTEL concept for use with @ Multiplexed Bus for Pin Efficiency 
many 8-bit microprocessors, microcomputers, and larger @ Interfaced with Software as 64 RAM Locations 
computers. This device combines three unique features: a @ 14 Bytes of Clock and Control Registers 
complete time-of-day clock with alarm and one hundred year @ 50 Bytes of General Purpose RAM 
calendar, a programmable periodic interrupt and square-wave @ Status Bit Indicates Data Integrity 
generator, and 50 bytes of low-power static RAM. The @ Bus Compatible Interrupt Signals (IRQ) 
CDP6818 uses high-speed CMOS technology to interface @ Three Interrupts are Separately Software Maskable and Testable 
with 1 MHz processor buses, while Consuming very little ¢ Time-of-Day, Alarm, Once-per-Second to Once-per-Day 
power. * Periodic Rates from 30.5 ys to 500 ms 
The Real-Time Clock pilus RAM has two distinct uses. First, it e End-of-Clock Update Cycle 
is designed as a battery powered CMOS device (in an other- @ Programmable Square-Wave Output Signal 
wise NMOS/TTL system) including all the common battery ® Clock Output May Be Used as Microprocessor Clock Input 


backed-up functions such as RAM, time, and calendar. Sec- 
ondly, the CDP6818 may be used with a CMOS microproces- 
sor to relieve the software of the timekeeping workload and to 
extend the available RAM of an MPU suchas the CDP6805E2. 


pian) AE eens ids 
Output CKFS 


OSC1 = 


Time Base 
OSC2 Input Osc 


Divider 


e At Time Base Frequency +1 or +4 
24-Pin Dual-In-Line Package 


CKOUT 


SQw 


Control Wave Out 
Voo -———— 
Vso" 
Saas ed ‘ 
- RESET 
CE R 
egisters 4 Bytes es 
Bus 
OS Interface 
RAW Ciock Clock Alarm, 
Calendar = K Calendar RAM 
AS Update (10 Bytes? 
Ap0 407 < 8 > 


Binary 


Increment 


User RAM 


(50 Bytes! 


Fig. 1 — Block diagram. 


File Number 1375 
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MAXIMUM RATINGS (Voltages referenced to Vss) 

| r Pi | 
“ppg | | | 
Storage Temperature Range 


DC ELECTRICAL CHARACTERISTICS (Vpp=5 Vde +10%, Vss=0 Vdc, Fa =0° to 70°C unless otherwise noted) 


| Symbol | Min | _Max_| Unit | 
Frequency of Operation fosc 30.768 a194.3041 ki 


| Output Voltage VOL 
| lLoad< 10 pA VOH 


Yoo-01|_—_| 


lop — Bus Idle (External clock) 
CKOUT = fogc, CL = 15 pF; SQW Disabled, CE=Vpp-—0.2; CL (OSC2) = 10 pF 
fosc = 4.194304 MHz lpp1 
fosc = 1.048516 MHz 
fosc = 32.768 kHz lIDD3 


oO 
O 
ine) 


E33 


3 

08 

90 

IDp — Quiescent IDD4 50 
fosc = DC; OSC1=DC; 


= 
P 


All Other Inputs= Vpp — 0.2 V; 
No Clock 


Output High Voltage ADO-AD7 CKOUT 
(IL oad= —1.6 mA, SQW, lLoad= — 1.0 mA) 


Output Low Voltage ADO-AD7 CKOUT V _ 0.4 
(Load = 1.6 mA, TRO, and SQW, ILoadg=1.0 mA) OL 


Input High Voltage CKFS, ADO-AD7, DS, AS, R/W, CE, PS VDD 


Input Low Voltage ADO-AD7, DS, AS, R/W, CE Vss 0.8 
CKFS,PS,RESET| Vi, Vss 0.8 V 
OSC1 Vss 0.8 


| Min | Max 
ee eae 


lop — Bus Idle 
CKOUT = fosc, C. = 15 pF, SQW Disabled, CE = Vpp-0.2, C. (OSC2) = 10 pF 
fosc = 32.768 kHz 
IDp — Quiscent 
fosc = DS; OSC1=DC; 
All Other Inputs = Vpp-0.2 V; 
No Clock 
Output High Voltage 
(Lucag = -0.25 mA, All Outputs) 
Output Low Voltage 
(ILoag = 0.25 mA, All Outputs) 
Input High Voltage ADO-AD7, DS, AS, R/W, 
RESET, CKFS, PS, OSC1 


Input Current All Inputs 
Three-State Leakage TRQ, ADO-AD7 
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BUS TIMING 


ident. 
Number 
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Voo =5.0V 


+ 10% 
Vop = 3.0 V 2 TTL and 
50 pF Load 130 pF Load 


Characteristics Be Ee Be oe 


eycetimeOS™~™~SCSCS tee 80 TD |e 
Pulse Width, DS/E Low or RD/WR High PWe. | 1000 |~— | 300 | — [ns 


zee 
35] 
0 eneoe a 


Peripheral Output Data Delay Time from DS/E or RD 1300 
Peripheral Data Setup Time 


NOTE: Designations E, ALE, RD, and WR refer to signals from alternative microprocessor signals. 
*See Important Application Notice (refer to Fig. 23). 


50 


VHIGH 


VLOW | 
4 


AS 


DS 


LHS > 
‘a Ix 


+ Ho 
® a 
ai: 
i 
Avo " tie VAN, : a 
co ; LAX X sid 


@ feat | © 
= {if} a: 


NOTE VHIGH=Vop-20V, VLow=08 V, for Vpp =50 V + 10% 


Z 
Z 
Zr 


Fig. 2 — CDP6818 bus timing waveforms. 


CMOS Peripherals 


ALE (Address Latch Enable) 
(AS Pin) 


RD (Read Output Enable) 
(DS Pin) 


—— 


R (Write Enable) 
(R/W Pin) 


CE (Chip Enable) 


ADO-AD7 
(Address/ Data Bus) 


ALE (Address Latch Enable) 
(AS Pin) 


RD (Read Output Enable) 
(DS Pin) 


WR (Write Enable) 
(R/W Pin) 


CE (Chip Enable) 


ADO-AD7 
(Address/ Data Bus) 
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OB —_—— Pe 
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{ser | par} 


Fig. 3 — Bus-read timing competitor multiplexed bus. 


= 


ail 
TI Se YW. 


| @r-{+e-+ -—e—| 
( Address YY Write Data b 
Valid fo Valid 


NOTE: VHIGH=Vpp-2.0 V, VLow =0.8 V, for Vpp =5.0 V + 10% 


Fig. 4 — Bus-write timing competitor multiplexed bus. 
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TABLE 1 — SWITCHING CHARACTERISTICS (Vpp=5 Vde +10%, VSs=0 Vdc, TA =0° to 70°C) 


Description | Symbol | Min | Max 
ia 


Oscillator Startup tRC 


Reset Pulse Width | tRW 


— 
= 
= 


wn 


Reset Delay Time 


= 
wn 


Power Sense Pulse Width tPWL 5 
Power Sense Delay Time 
IRQ Release from DS 


IRQ 2S Zs 
IRQ Release from RESET tIRR eee 
VRT Bit Delay WATD || 


wn 


n 


~ fs | non 
Cc 
et |e le ae 3],5 
n n A1lnt = 


VLOW 
DS 
RESET 
i VHIGH 
RDS ‘RR 


NOTE: VHIGH = Vpp - 2.0 V, VLow=0.8 V, for Vpp = 5.0 V + 10% 


Fig. 5 — IRQ release delay timing waveforms. 


VDD 


Dy 


(IRQ Only) 4.02 k 


Test 


Point Test Point 


130 pF 


All Outputs Except OSC2 (See Figure 10) 


Fig. 6 — TTL equivalent test load. 
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-———_-__—_—_— 


Vpp Pin 


OV 


———_$§# tRLH ——_—— 


TRWL 


tkRC ---—a 


CKOUT Pin Ly LL] Py Ly 


Fig. 7 — Power-up timing waveforms. 


VDD : Se ee 


Vop Pin 
OV 
—=— (PLH —> 
tPWL 
PS Pin 
ia tVRTD 
VRT Bit 


The VRT bit is set to a "1" by reading Control Register #D. The VRT Bit can only be cleared by pulling 
the PS Pin low (see REGISTER D ($OD)). 


Fig. 8 — Conditions that clear VRT bit timing waveforms. 
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MOTEL 


The MOTEL circuit is a new concept that permits the 
CDP6818 to be directly interfaced with many types of micro- 
processors. No external logic is needed to adapt to the differ- 
ences in bus control signals from common multiplexed bus 
microprocessors. 

Practically all microprocessors interface with one of two 
synchronous bus structures. 

The MOTEL circuit is built into peripheral and memory ICs to 
permit direct connection to either type of bus. An industry 
standard bus structure is now available. The MOTEL concept 
is shown logically in Figure 9. 


6800 
Family Type Competitor Type CDP6818 
MPU Signals MPU Signals Pin Signals 
AS ALE AS 
OS, E, or 62 RO DS 
R/W WR R/W 
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MOTEL selects one of two interpretations of two pins. In the 
6805 case, DS and R/W are gated together to produce the 
internal read enable. The_internal write enable is a similar 
gating of the inverse of R/W. With competitor buses, the inver- 
sion of RD and WR create functionally identical internal read 
and write enable signals. 

The CDP6818 automatically selects the processor type by 


using AS/ALE to latch the state of the DS/RD pin. Since DSis 


always low and RD is alwayshigh during AS and ALE, the latch 
automatically indicates which processor type is connected. 


Internal 


Competative Bus Signals 


Read Enable 


Write Enable 


Fig. 9 — Functional diagram of MOTEL circuit. 


SIGNAL DESCRIPTIONS 


The block diagram in Figure 1, shows the pin connection 
with the major internal functions of the CDP6818 Real-Time 
Clock plus RAM. The following paragraphs describe the func- 
tion of each pin. 


Vpp. Vss 

DC power is provided to the part on these two pins, Vpp 
being the most positive voltage. The minimum and max- 
imum voltages are listed in the Electrical Characteristics 
tables. 


OSC1, OSC2 — TIME BASE, INPUTS 

The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4,194304 MHz, 1.048576 MHz, or 32.768 kHz may be con- 
nected to OSC1 as shown in Figure 10. The time-base fre- 
quency to be used is chosen in Register A. 

The on-chip oscillator is designed for a parallel resonant 


AT cut crystal at 4.194304 MHz or 1.048576 MHz frequen- 
cies. The crystal connections are shown in Figure 11 and the 
crystal characteristics in Figure 12. 


CKOUT — CLOCK OUT, OUTPUT 


The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a se- 
cond crystal. The frequency of CKOUT depends upon the 
time-base frequency and the state of the CKFS pin as shown 
in Table 2. 


CKFS — CLOCK OUT FREQUENCY SELECT, INPUT 


The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. CKFS tied to Vpp causes CKOUT to be 
the same frequency as the time base at the OSC1 pin. When 
CKFS is at Vgs, CKOUT is the OSC1 time-base frequency 
divided by four. Table 2 summarizes the effect of CKFS. 
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VDD 
Optional 
(Vpp—-1.0 V) 


4.194304 MHz i 
or 1 2 
16048576 M20 | 051 
or 
32.768 kHz 3 


CDP6818 


Fig. 10 — External Time-base connection. 


4.194304 MHz 
or 
1 048576 MHz 
or 
32 768 KHz 


CDP6818 


*32 768 KHz — Consult manufacturers specification 


Fig. 11 — Crystal oscillator connection. 


Crystal Equivalent Circuit 


1048676 Miz 
[Rsmax [75a | 70a | SOK 
[comax | ?pr__| Spr | 17 pF__| 
[Gi [0012 pF | 0008 pF | 0.008 pF _| 
[Gi/Gan | 15-30 pF | 16-40 pF | __10-22 pF _ 
Oe 0G Oe OR | 
a el 

a 


= = 300-470 K 
ioM 22M 


Fig. 12 — Crystal parameters. 
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TABLE 2 — CLOCK OUTPUT FREQUENCIES 


Time Base Clock Frequency 
(OSC1) Select Pin 
Frequency (CKFS) 


4.194304 MHz 


Clock Frequency 
Output Pin 
(CKOUT) 


4.194304 MHz 


4.194304 MHz 1.048576 MHz 

1.048576 MHz 1.048576 MHz 

1.048576 MHz 262.144 kHz 
32.768 kHz 32.768 kHz 


32.768 kHz 8.192 kHz 


SQW — SQUARE WAVE, OUTPUT 


The SQW pin can output a signal one of 15 of the 22 
internal-divider stages. The frequency and output enable of 
the SQW may be altered by programming Register A,as shown 
in Table 5. The SQW signal may be turned on and off using a bit 
in Register B. 


ADO-AD7 — MULTIPLEXED BIDIRECTIONAL 
ADDRESS/DATA BUS 


Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using the 
same pins during the second portion for data. Address-then- 
data multiplexing does not slow the access time of the 
CDP6818 since the bus reversal from address to data is oc- 
curring during the internal RAM access time. 

The address must be valid just prior to the fall of AS/ALE at 
which time the CDP6818 latches the address from ADO to 
ADS. Valid write data must be presented and held stable during 
the latter portion of the DS or WR pulses. In a read cycle, the 
CDP6818 outputs 8 bits of data during the latter portion of the 
DS or RD pulses, then ceases driving the bus (returns the 
output drivers to three-state) when DS falls in this case of 
MOTEL or RD rises in the other case. 


AS — MULTIPLEXED ADDRESS STROBE, INPUT 


A positive going multiplexed address strobe pulse serves to 
demultiplex the bus. The falling edge of AS or ALE causes the 
address to be latched within the CDP6818. The automatic 
MOTEL circuitry in the CDP6818 also latches the state of the 
DS pin with the falling edge of AS or ALE. 


DS — DATA STROBE OR READ, INPUT 


The DS pin has two interpretations via the MOTEL circuit. 
When emanating from a 6800 type processor, DS js a positive 
pulse during the latter portion of the bus cycle, and is variously 
called DS (data strobe), E (enable), and @2 (@2 clock). During 
read cycles, DS signifies the time that the RTC is to drive the 
bidirectional bus. In write cycles, the trailing edge of DS 
causes the Real-Time Clock plus RAM to latch the written 
data. 

The second MOTEL interpretation of DS is that of RD, 
MEMR, or 1/OR emanating from a competitor type processor. 
In this case, DS identifies the time period when the real-time 
clock plus RAM drives the bus with read data. This interpreta- 
tion of DS is also the same as an output-enable signal on a 
typical memory. 

The MOTEL circuit, within the CDP6818, latches the state of 
the DS pinon the falling edge of AS/ ALE. When the 6800 mode 
of MOTEL is desired DS must be low during AS/ALE, which is 


the case with the CDP6805 family of multiplexed bus proces- 
sors. To insure the competitor mode of MOTEL, the DS pin 
must remain high during the time AS/ALE is high. 


R/W — READ/WRITE, INPUT 


The MOTEL circuit treats the R/W pin in one of two ways. 
When a 6805 type processor is connected, R/W is a level 
which indicates whether the current cycle is a read or write. A 
read cycle is indicated with a high level on R/W while DS is 
high, whereas a write cycle is a low_on R/W during DS. 

The second interpretation of R/W is as a negative write 
pulse, WR, MEMW, and I7OW from competitor type proces- 
sors. The MOTEL circuit in this mode gives R/W pin the same 
meaning as the write (W) pulse on many generic RAMs. 


CE — CHIP ENABLE, INPUT 


The chip-enable (CE) signal must be asserted (low) for a 
bus cycle in which the CDP6818 is to be accessed. CE is not 
latched and must be stable during DS _and AS (in the 6805 
mode of MOTEL) and during RD and WR (in the competitor 
mode). Bus cycles which take place without asserting CE 
cause no actions to take place within the CDP681 8. When CE 
is high, the multiplexed bus output is in a high-impedance 
state. 

When CE is high, all address, data, DS, and R/W inputs from 
the processor are disconnected within the CDP6818. This 
permits the CDP6818 to be isolated from a powered-down 
processor. When CE is held high, an unpowered device cannot 
receive power through the input pins from the real-time clock 
power source. Battery power consumption can thus be re- 
duced by using a pullup resistor or active clamp on CE when 
the main power is off. 


TRQ — INTERRUPT REQUEST, OUTPUT 


The IRQ pin is an active low output of the CDP6818 that may 
be used as an interrupt input to a processor. The |RQ output 
remains low as long as the status bit causing the interrupt is 
present and the corresponding interrupt-enable bit is set. To 
clear the IRQ pin, the processor program normally reads Reg- 
ister C. The RESET pin also clears pending interrupts. 

When no interrupt conditions are present, the IRQ level is in 
the high-impedance state. Multiple interrupting devices may 
thus be connected to an IRQ bus with one pullup at the 
processor. 


RESET — RESET, INPUT 


The RESET pin does not affect the clock, calendar, or RAM 
functions. On the powerup, the RESET pin must be held low for 
the specified time, trary, in order to allow the power supply to 
stabilize. Figure 13 shows a typical representation of the 
RESET pin circuit. 

When RESET is low the following occurs: 

a) Periodic Interrupt Enable (PIE) bit is cleared to zero, 

b) Alarm Interrupt Enable (AIE) bit is cleared to zero, 

c) Update ended Interrupt Enable (UIE) bit is cleared to 

zero, 

d) Update ended Interrupt Flag (UF) bit is cleared to zero, 

e) Interrupt Request status Flag (IRQF) bit is cleared to 

zero, 
f) Periodic Interrupt Flag (PF) bit is cleared to zero, 


on 
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g) Alarm Interrupt Flag (AF) bit Is cleared to zero, 

h) IRQ pin is in high-impedance state, and 

i) Square Wave output Enable (SQWE) bit is cleared to 
zero. 


D1 D2 


System 


Voo 


Battery 
Backup 


VDD 


D3 /\ CDP6818 


RESET: 


| 0.005 pF 


D1 = D2= D3= 1N4148 or Equivalent 


Note: If the RTC is isolated from the MPU or MCU power by a 
diode drop, care must be taken to meet Vj, requirements. 


Fig. 13 — Typical power-up delay circuit for RESET. 


D1 D2 


System Battery 


Backup 


PS 


CDP6818 


0.005 pF 


D1 = D2= 1N4148 or Equivalent 


Fig. 14 — Typicai power-up delay circuit for POWER SENSE. 


509 
CDP6818 


PS — POWER SENSE, INPUT 


The power-sense pin is used in the control of the valid 
RAM and time (VRT) bit in Register D. When the PS pinis low 
the VRT bit is cleared to zero. 

During powerup, the PS pin must be externally held low for 
the specified time. tp. AS power is applied the VTR bit re- 
mains low indicating that the contents of the RAM. time 
registers. and calendar are not guaranteed. When normal 
operation commences PS should be permitted to go high 
after a powerup to allow the VRT bit to be set by a read of 
Register D. Figure 14 shows a typical circuit connection for 
the power-sense pin. 


POWER-DOWN CONSIDERATIONS 


In most systems, the CDP6818 must continue to keep time 
when system power is removed. In such systems, a conver- 
sion from system power to an alternate power supply, usually a 
battery, must be made. During the transition from system to 
battery power, the designer of a battery backed-up RTC sys- 
tem must protect data integrity, minimize power consumption, 
and ensure hardware reliability. 

The chip enable (CE) pin controls all bus inputs (R/W, DS, 
AS, ADO-AD7). CE, when negated, disallows any unintend- 
ed modification of the RTC data by the bus. CE also reduces 
power consumption by reducing the number of transitions 
seen internally. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SQW) pin. 

During and after the power source conversion, the Vin 
maximum specification must never be exceeded. Failure to 
meet the Vin maximum specification can cause a virtual 
SCR to appear which may result in excessive Current drain 
and destruction of the part. 


ADDRESS MAP 


Figure 15 shows the address map of the CDP6818. The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are directly 
readable and writable by the processor program except Regis- 
ters C and D which are read only. Bit 7 of Register A and the 
high order bit-of the seconds byte are also read only. Bit 7, of 
the second byte, always reads "0". The contents of the four 
control and status registers are described in the Register 
section. 


TIME, CALENDAR, AND ALARM LOCATIONS 


The processor program obtains time and calendar infor- 
mation by reading the appropriate locations. The program 
may initialize the time, calendar, and alarm by writing to 
these RAM locations.-The contents of the 10 time, calendar, 
and alarm byte may be either binary or binary-coded decimal 
(BCD). 
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Before initializing the internal registers, the SET bit in 
Register B should be set to a 1” to prevent time/calendar 
updates from occurring. The program initializes the 10 loca- 
tions in the selected format (binary or BCD), then indicates 
the format in the data mode (DM) bit of Register B. All 10 
time, calendar, and alarm bytes must use the: same data 


mode, either binary or BCD. The SET bit may now be cleared. 


to allow updates. Once initialized the real-time clock makes 
all updates in the selected data mode. The data mode cannot 
be changed without reinitializing the 10 data bytes. 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations. The 24/12 bit in Register B 
establishes whether the hour locations represent 1-to-12 or 
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0-to-23. The 24/12 bit cannot be changed without reinitializ- 
ing the hour locations. When the 12-hour format is selected 
the high-order bit of the hours byte represents PM when it is 
on 

The time, calendar, and alarm bytes are not always ac- 
cessable by the processor program. Once-per-second the 10 
bytes are switched to the update logic to be advanced by one 
second and to check for an alarm condition. If any of the 10 
bytes are read at this time, the data outputs are undefined. 
The update lockout time is 248 ys at the 4.194304 MHz and 
1.048567 MHz time bases and 1948 us for the 32.768 kHz 
time base. The Update Cycle section shows how to accom- 
modate the update cycle in the processor program. 


Seconds $00 
Sec Alarm 01 
Minutes 02 
Min Alarm 03 
Hours 04 Binary 
ES a 
Day of Wk 06 
Date of Mo Q7 
Month 08 
Year 09 
Register A OA 
Register B OB 


Register C OC 


Register D 


Fig. 15 — Address map. 


TABLE 3 — TIME, CALENDAR, AND ALARM DATA MODES 


(12 Hour Mode) 
Hours 
(24 Hour Mode) 
Hours Alarm 
(12 Hour Mode) 
Hours Alarm 
(24 Hour Mode) 


Day of the Week 
Sunday = 1 


etal 
eee 


0 Se we Se Be Ne 
[Seconds Alarm | ose | soosas | suosso | 15 
| Minutes | 0-59] 800-938 | S069 | A 
ae cones 


$01-$0C (AM) and] $01-$12 (AM) and 
$81-$8C (PM) 


$00-$17 


$01-S0C (AM) and | $01-$12 (AM) and 
$81-$8C (PM) 


$01-$ 07 $01-$07 


Day of the Month $01-$1F $01-$31 


$01-$0C $01-$12 
$00-$63 $00-$99 aa 


“Example: 5:58:21 Thursday February 15 1979 (Time is A.M.) 


05 

05 

05 

05 
ere al 


$81-$92 (PM) 
$00-$23 


$81-$92 (PM) 
$00-23 
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The three alarm bytes may be used in two ways. When the 
program inserts an alarm time in the appropriate hours, 
minutes, and seconds alarm locations, the alarm interrupt is 
initiated at the specified time each day if the alarm enable bit 
is high. The alternate usage Is to insert a ‘‘don’t care”’ state in 
one or more of three alarm bytes. The ‘‘don’t care”’ code is 
any hexadecimal byte from CO to FF. That is, the two most- 
significant bits of each byte, when set to ‘'1"', create a ‘‘don't 
care”’ situation. An alarm interrupt each hour is created with 
a ‘‘don’t care’ code in the hours alarm location. Similarly, an 
alarm is generated every minute with ‘‘don’t care’ codes in 
the hours and minutes alarm bytes. The ‘‘don't care’’ codes 
in all three alarm bytes create an interrupt every second. 


STATIC CMOS RAM 


The 50 general purpose RAM bytes are not dedicated within 
the CDP6818. They can be used by the processor program, 


and are fully available during the update cycle. 

When time and calendar information must use battery 
back-up, very frequently there is other non-volatile data that 
must be retained when main power is removed. The 50 user 
RAM bytes serve the need for low-power CMOS battery- 
backed storage, and extend the RAM available to the pro- 
gram. 

When further CMOS RAM is needed. additional CDP6818S 
may he included in the system. The time/calendar functions 
may be disabled by holding the DVO-DV2 dividers, in Register 
A, in the reset state or by setting the SET bitin CR2 Register 
or by removing the oscillator. Holding the dividers in reset 
prevents interrupts or SQW output from operating while set- 
ting the SET bit allows these functions to occur. With the 
dividers clear, the available user RAM is extended to 59 bytes. 
Bit 7 of Register A, Registers C and D, and the high-order Bit of 
the seconds byte cannot effectively be used as general pur- 
pose RAM. 


INTERRUPTS 


The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per-second 
to one-a-day. The periodic interrupt may be selected for 
rates from half-a-second to 30.517 ws. The update-ended 
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When an interrupt event occurs a flag bit is set to a‘'1” in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent of the state 
of the corresponding enable bits in Register B. The flag bit 
may be used with or without enabling the corresponding 
enable bits. 

In the software scanned case, the program does not 
enable the interrupt. The “‘interrupt’’ flag bit becomes a 
status bit, which the software interrogates, when it wishes. 
When the software detects that the flag is set, it is an indica- 
tion to software that the ‘interrupt’ event occurred since the 
bit was last read. 


However, there is one precaution. The flag bits in Register 
C are cleared (record of the interrupt event is erased) when 
Register C is read. Double latching is included with Register 
C so the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held until after 
the read cycle. One, two, or three flag bits may be found to 
be set when Register C is read. The program should inspect 
all utilized flag bits every time Register C is read to insure 
that no interrupts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an interrupt-flag bit is set and_the cor- 
responding interrupt-enable bit is also set, the [RQ pin is 
asserted low. |RQ is asserted as long as at least one of the 
three interrupt sources has its flag and enable bits both set. 
The |RQF bit in Register C is a ‘'1'’ whenever the IRQ pin is 
being driven low. 

The processor program can determine that the RTC 
initiated the interrupt by reading Register C. A ‘'1” in bit 7 
(IRQF bit) indicates that one or more interrupts have been 
initiated by the part. The act of reading Register C clears all 
the then-active flag bits, plus the IRQF bit. When the pro- 
gram finds IROF set, it should look at each of the individual 
flag bits in the same byte which have the corresponding 
interrupt-mask bits set and service each interrupt which is 
set. Again, more than one interrupt-flag bit may be set. 


DIVIDER STAGES 


The CDP6818 has 22 binary-divider stages following the 
time base as shown in Figure 1. The output of the dividers is a 1 
Hz signal to the update-cycle logic. The dividers are controlled 


interrupt may be used to indicate to the program that an up- 
date cycle is completed. Each of these independent interrupt 


conditions are described in greater detail in other sections. 

The processor program Selects which interrupts, if any, it 
wishes to receive. Three bits in Register B enable the tnree 
interrupts. Writing a ‘1’ to a interrupt-enable bit permits 
that interrupt to be initiated when the event occurs. A ‘‘0”’ in 
the interrupt-enable bit prohibits the IRQ pin from being 
asserted due to the interrupt cause. 

If an interrupt. flag is_already set when the interrupt 
becomes enabled, the IRQ pin is immediately activated, 
though the interrupt initiating the event may have occurred 
much earlier. Thus, there are cases where the program 
should clear such earlier initiated interrupts before first 
enabling new interrupts. 


by three divider bits (DV2, DV1, and DVO) in Register A. 


DIVIDER CONTROL 

The divider-control bits have three uses, as shown in Table 
4. Three usable operating time bases may be selected 
(4.194304 MHz, 1.048576 MHz, or 32.768 kHz). The divider 
chain may be held reset, which allows precision setting of 
the time. When the divider is changed from reset to an 
operating time base, the first update cycle is one second 
later. The divider-control bits are also used to facilitate 
testing the CDP6818. 
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TABLE 4 — DIVIDER CONFIGURATIONS 


Divider Bits 
Register A 


DVO 


Time-Base 
Frequency 


4.194304 MHz 


32.768 kHz 


Any 
Any 


Operation Divider Bypass First 


N-Divider Bits 


Note: Other combinations of divider bits are used for test purposes only. 


SQUARE-WAVE OUTPUT SELECTION 


Fifteen of the 22 divider taps are made available to a 
1-of-15 selector as shawn in Figure 1. The first purpose of 
selecting a divider tap is to generate a square-wave output 
signal on the SQW pin. Four bits in Register A establish the 
Square-wave frequency as listed in Table 5. The SQW fre- 
quency selection shares the 1-of-15 selector with periodic 
interrupts. 

Once the frequency is selected, the output of the SQW pin 
may be turned on and off under program control with the 
square-wave enable (SQWE) bit in Register B. Altering the 
divider, square-wave output selection bits, or the SQW 
output-enable bit may generate an asymetrical waveform at 
the time of execution. The square-wave output pin has a 
number of potential uses. For example, it can serve as a fre- 
quency standard for external use, a frequency synthesizer, or 
could be used to generate one or more audio tones under 
program control. 


PERIODIC INTERRUPT SELECTION 

The periodic interrupt allows the IRQ pin to be triggered 
from once every 500 ms to once every 30.517 ys. The 
periodic interrupt is separate from the alarm interrupt which 
may be output from once-per-second to once-per-day. 

Table 5 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SQW pin 
is enabled by the SQWE bit. Similarly the periodic interrupt is 
enabled by the PIE bit in Register B. 

Periodic interrupt is usable by practically all real-time 
systems. It can be used to scan for all forms of inputs from 
contac: closures to serial receive bits on bytes. It can be used 
in multiplexing displays or with software counters to 
measure inputs, create output intervals, or await the next 
needed software function. 


TABLE 5 — PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 


Rate Select 
Control Register A 


Periodic 


tp 


976.562 ps 


paee] 
os 


4.194304 or 1.048576 MHz 32.768 kHz 
Time Base Time Base 


Interrupt Rate | SQW Output| !nterrupt Rate | SQW Output 
Frequency 


ae On| one Wonk nee 0 nee 
i 
Pep eas Pesce [7eim | ee 
To 244.14 ys | 4.096 kre | 244.141 us | 4.006 KH | 
2 068 KH 
Ae 


[0-0 [3.90605 ms [266 He [3.90606 ms | 26642 | 
To [1 | 78126 ms | 12H | 7.8128 me | 18H 
To [15.625 ms [61 He | 15.625 ms | ote 


Periodic 


tpl Frequency 


8.192 kHz 


976.562 us | 1.024 kHz 


32 Hz 


31.25 ms 
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UPDATE CYCLE 
The CDP6818 executes an update cycle once-per- 
second, assuming one of the proper time bases is in place, 
the divider is not clear, and the SET bit in Register B is clear. 
The SET bit in the ‘'1"’ state permits the program to initialize 
the time and calendar bytes by stopping an existing update 
and preventing a new one from occurring. 

The primary function of the update cycle ts to increment 
the seconds byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each 
alarm byte with the corresponding time byte and issues an 
alarm if a match or if a “don’t care’’ code (11XXXXXX) is 
present in all three positions. 

With a 4.194304 MHz or 1.048576 MHz time base the up- 
date cycle takes 248 ps while a 32.768 kHz time base update 
cycle takes 1984 ws. During the update cycle, the time, calen- 
dar, and alarm bytes are not accessable by the processor 
program. The CDP6818 protects the program from reading 
transitional data. This protection is provided by switching 
the time, calendar, and alarm portion of the RAM off the 
microprocessor bus during the entire update cycle. If the 
processor reads these RAM locations before the update is 
complete the output will be undefined. The update in pro- 
gress (UIP) status bit is set during the interval. 

A program which randomly accesses the time and date in- 
formation finds data unavailable statistically once every 4032 
attempts. Three methods of accommodating nonavailability 
during update are usable by the program. In discussing the 
three methods it is assumed that at random points user pro- 
grams are able to call a subroutine to obtain the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs after 
every update cycle which indicates that over 999 ms are 
available to read valid time and date information. During this 
time a display could be updated or the information could be 
transfered to continuously available RAM. Before leaving the 
interrupt service routine, the IROF bit in Register C should be 
cleared. 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once-per-second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
high, the update cycle begins 244 us later. Therefore, if a low 
is read on the UIP bit, the user has at least 244 ys before the 
time/calendar data will be changed. !f a ‘'1"’ is read in the 

UIP bit, the time/calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 


UIP bit in 
Register A 


UF bit in 
Register C 


PF bit in 
Register C 


time needed to read valid time/calendar data to exceed 
244 us. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
high between the setting of the PF bit on Register C (see 
Figure 16). Periodic interrupts that occur at intervals greater 
than tgaUC+ tuc allow valid time and date information to be 
read at each occurrence of the periodic interrupt. The reads 
should be completed within (Tp) +2) + tauc to insure that 
data is not read during the update cycle. To properly set the 
internal counters for Daylight Savings Time operation. the 
user must set the time at least two seconds before the 
rollover will occur. Likewise, the time must be set at least two 
seconds before the end of the 29th or 30th day of the month. 


REGISTERS 
The CDP6818 has four registers which are accessible to the 
processor program. The four registers are also fully accessible 
during the update cycle. 


REGISTER A ($0A) 
MSB LSB Read/Write 


jo7 | be | 05 | bé | oa | oa | oi | bo] Register 
go] excent UIP 


UIP — The update in progress (UIP) bit is a status flag that 
may be monitored by the program. When UIP is a ‘'1" the 
update cycle is in progress or will soon begin. When UIP is a 
0" the update cycle is not in progress and will not be for at 
least 244 us (for all time bases). This is detailed in Table 6. 
The time, calendar, and alarm information in RAM is fully 
available to the program when the UIP bit is zero — it is not 
in transition. The UIP bit is a read-only bit, and is not af- 
fected by Reset. Writing the SET bit in Register B to a ‘'1" 
inhibits any update cycle and then clears the UIP status bit. 


TABLE 6 — UPDATE CYCLE TIMES 

Minimum Time 
Before Update 
Cycle (tguc) 


Time Base |Update Cycle Time 


UPB “ioset (tyc) 


4.194304 MHz 
1.048576 MHz 
32.768 kHz 
4.194304 MHz 
1.048576 MHz 
32.768 kHz 


tp| = Periodic Interrupt Time Interval (500 ms, 250 ms, 125 ms, 62.5 ms, etc. per Table 5) 


tuc= Update Cycle Time (248 ys or 1984 ps) 
tBUC = Delay Time Before Update Cycle (244 ps) 


Fig. 16 — Update-ended and periodic interrupt relationships. 
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DV2, DV1, DVO — Three bits are used to permit the pro- 
gram to select various conditions of the 22-stage divider 
chain. The divider selection bits identify which of the three 
time-base frequencies is in use. Table 4 shows that time 
bases of 4.194304 MHz, 1.048576 MHz, and 32.768 kHz may 
be used. The divider selection bits are also used to reset the 
divider chain. When the time/calendar is first initialized, the 
program may start the divider at the precise time stored in 
the RAM. When the divider reset is removed the first update 
cycle begins one-half second later. These three read/write 
bits are not affected by RESET. 


RS3, RS2, RS1, RSO — The four rate selection bits select 
one of 15 taps on the 22-stage divider, or disable the divider 
output. The tape selected may be used to generate an output 
square wave (SQW pin) and/or a periodic interrupt. The pro- 
~ gram may do one of the following: 1) enable the interrupt 
with the PIE bit, 2) enable the SQW output pin with the 
SQWE bit, 3) enable both at the same time at the same rate, 
or 4) enable neither. Table 5 lists the periodic interrupt rates 
and the square-wave frequencies that may be chosen with 
the RS bits. These four bits are read/write bits which are not 
affected by RESET. 


REGISTER B ($0B) 
MSB LSB 


b7 | b6 | bo [ b4{ 63 | bz] b1 | bO| 


SET — When the SET bit is a ‘‘0", the update cycle func- 
tions normally by advancing the counts once-per-second. 
When the SET bit is written to a ‘1’, any update cycle in 
progress is aborted and the program may initialize the time 
and calendar bytes without an update occurring in the midst 
of initializing. SET is read/write bit which is not modified 
but RESET or internal functions of the CDP6818. 


Read/Write 
' Register 


PIE — The periodic interrupt enable (PIE) bit is a read/ 
write bit which allows the periodic-interrupt flag (PF) bit in 
Register C to cause the [RQ pin to be driven low. A program 
writes a ‘1° to the PIE bit in order to receive periodic inter- 
rupts at the rate specified by the RS3, RS2,RS1, and RSO bits 
in Register A. A zero in PIE blocks IRQ from being initiated by 
a periodic interrupt, but the periodic flag (PF) bit is still set at 
the periodic rate. PIE is not modified by any internal CDP6818 
functions, but is cleared to "0" by a RESET. 


AIE — The alarm interrupt enable (AIE) bit is a read/write 
bit which when set to a ‘’1’’ permits the alarm flag (AF) to 
assert [RO. An alarm interrupt occurs for each second that 
the three time bytes equal the three alarm bytes (including a 
“don't care’ alarm code of binary 11XXXXXX). When the 
AIE bit is a "0", the AF bit does not initiate an IRQ signal. 
The RESET pin clears AIE to 0". The internal functions do 
not affect the AIE bit. 


UIE — The UIE (update-ended interrupt enable) bit is a 
read/write bit which enables the update-end flage (UF) bit to 
assert IRQ. The RESET pin going low or the SET bit going 
high clears the UIE bit. 


SQWE — When the square-wave enable (SQWE) bit is set 
to a "1"" by the program, a square-wave signal at the fre- 


quency specified in the rate selection bits (RS3 to RSQ) ap- 
pears on the SQW pin. When the SQWE bit is set to a zero 
the SQW pin is held low. The state of SQWE is cleared by 
the RESET pin. SQWE is a read/write bit. 


DM — The data mode (DM) bit indicates whether time 
and calendar updates are to use bimary or BCD formats. The 
DM bit is written by the processor program and may be read 
by the program, but is not modified by any internal functions 
or RESET. A‘'1” in DM signifies binary data, while a “0” in 
DM specifies binary-coded-decimal (BCD) data. 


24/12 — The 24/12 control bit establishes the format of 
the hours bytes as either the 24-hour mode (a ‘'1"') or the 
12-hour mode (a ‘'0"’). This is a read/write bit, which is af- 
fected only by the software. 


DSE — The daylight savings enable (DSE) bit is a 
read/write bit which allows the program to enable two 
special updates (when DSE is a‘'1"'). On the last Sunday in 
April the time increments from 1:59:59 AM to 3:00:00 AM. 
On the last Sunday in October when the time first reaches 
1:59:59 AM it changes to 1:00:00 AM. These special updates 
do not occur when the DSE bit is a 0". DSE is not changed 
by any internal operations or RESET. 


REGISTER C ($0C) 
MSB LSB 


or Tete te Tete Tae 
ar ore pepe ol 


IRQF — The interrupt request flag (IROF) is set to a ‘'1” 
when one or more of the following are true: 


Read-Only 
Register 


PF=PIE="'1" 
AF=AIE= "1" 
UF=UVUIE="1" 


e., IRQOF=PFePIE+ AF*AIE+ UFeUIE 


Any time the IROF bit is a ''1’’, the IRQ pin is driven low. 
All flag bits are cleared after Register C is read by the pro- 
gram or when the RESET pin is low. 


PF — The periodic interrupt flag (PF) is a read-only bit 
which is set to a ‘1’ when a particular edge is detected on 
the selected tap of the divider chain. The RS3 to RSO bits 
establish the periodic rate. PF is set to a ‘'1"’ independent of 
the state of the PIE bit. PF being a‘’1” initiates an IRQ signal 
and sets the IRQF bit when PIE is also a ‘1.’ The PF bit is 
cleared by a RESET or a software read of Register C. 


AF — A‘'1" in the AF (alarm interrupt flag) bit indicates 
that the current time has matched the alarm time. A ‘'1” in 
the AF causes the IRQ pin to go low, and a‘’1”’ to appear in 
the IRQF bit, when the AIE bit also is a ‘’1."" A RESET ora 
read of Register C clears AF. 


UF ~— The update-ended interrupt flag (UF) bit is set after 
each update cycle. When the UIE bit is a 1", the "1" in UF 
causes the IROF bit to be a’1"’, asserting IRO. UF is cleared 
by a Register C read or a RESET. 


b3 TO b0 — The unused bits of Status Register 1 are read 
as ‘'0's’'. They can not be written. 
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REGISTER D ($0D) 
MSB LSB 


jb7 [be | bs | b4 | bo] b2 | bt | 60] Read Only 
vett of of of of of of of 


VRT — The valid RAM and time (VRT) bit indicates the 
condition of the contents of the RAM, provided the power 
sense (PS) pin is satisfactorily connected. A ‘’0'’ appears in 
the VRT bit when the power-sense pin is low. The processor 
program can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are valid. The 
VRT is a read/only bit which is not modified by the RESET 
pin The VRT bit can only be set by reading Register D. 


Register 


b6 TO bO — The remaining bits of Register D are unused. 
They cannot be written, but are always read as “0's.” 


8  Address/Data Multiplexed 
Address Strobe 
Data Strobe (E) 


Read/Write (R/W]) 


CDP6805E2 —— 
Interrupt Request (IRQ) 
8/5 Address 
| 
| Address 
Decode* 
| 
| 
| as 
| RESET 
=| 
| 
Lu 


*QMOS decoder 


CKOUT 
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TYPICAL INTERFACING 


The CDP6818 is best suited for use with microprocessors 
which generate an address-then-data multiplexed bus. Fig- 


ures 17 and 18 show typical intertaces to bus-compatible 
processors. These interfaces assume that the address decod- 
ing can be done quickly. However, if standard metal-gate 
CMOS gates are used the CE setup time may be violated. 
Figure 19 illustrates an alternative method of chip selection 
which will accommodate such slower decoding. 

The CDP6818 can be interfaced to single-chip microcom- 
puters (MCU) by using eleven port lines as shown in Figure 20. 
Non-multiplexed bus microprocessors can be interfaced with 
additional support. 


Fa Other 

a Peripherals 
ae ent and 

hal Memory 


oe 


4.194304 


C_) MHz (Typ) 


CDP6818 


CKFS 


Fig. 17 — CDP6818 interfaced to CDP6805E2 compatible multiplexed bus microprocessors. 
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8 Address/Data 
Address Latch Enable (ALE) 
Read (R) 


8085 


NSC800 pa ge, (Oier 
Peripherals 


and Memory 


Write (W) 


ae 
80CS1 Interrupt Request 


—— 


MPU 
Address 


Address 
Decode 


4 194304 


rae MHz (Typ) 


peas CDP6818 
RESET 


CKOUT CRES 


Fig. 18 — CDP6818 interfaced to competitor compatible multiplexed bus microprocessors. 


Interrupt Request (IRQ) 
= 
Read/Write (R/W) 


Address Strobe {AS) | 


Data Strobe (DS) —_ 
copssosee | | r—“—tCsS——C—CCCCSYC Sad 


5 Non-Multiplexed Address 


Multiplexed Address/ Data 


Address 
Decode 


DS CE AS R/W IRQ ADO-AD7 


4.194304 MHz 
CDP6818 yp) 


CKOUT CKFS 


— ame GEE GEE eum == aaa ae eee cam 6 eo eee eee ae om ae 


This illustrates the use of CMOS gating for address decoding. 


Fig. 19 —- CDP6818 interface to CDP6805E2 CMOS multiplexed microprocessor with slow address decoding. 
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4 194304 MHz (Typ) 


8 Address/ Data 8 ADO-AD7 SQW 


CDP6805 
3870 


802 1 Address Strobe 


S2000 


Port 
Lines 


Fig. 20 — CDP6818 interfaced with the ports of a typical single-chip microcomputer. 


There is one method of using the multiplexed bus CDP6818 
with non-muliiplexed bus processors. The interface uses 
available bus control signals to multiplex the address and data 
bus together. 

An example using either the 6800. 6802. 6808, or 6809 
microprocessor is shown tn Figure 21 

Figure 22 illustrates the subroutines which may be used for 
data transfers in a non-multiplexed system. The subroutines 


ACTIVE HIGH CHIP SELECT 


should be entered with the reqisters containing the following 
data’ 
Accumulator A: The address of the RTC to be accessed.’ 
Accumulator B: Write: Tne data to be written 
Read: The data read from the RTC 
The RTC is mapped to two consecutive memory locations 
RTC and RTC + 1 as shown in Figure 21. 


DS 


CDP68!18 


92eCS-37724 


Fig. 21 — CDP6818 interfaced with Motorola type processors 
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FIGURE 22 — SUBROUTINE FOR READING AND WRITING 
THE CDP6818 WITH A NON-MULTIPLEXED BUS 


READ STA RTC Generate AS and Latch Data from ACCA 
LDAB RTC+1 Generate DS and Get Data 
RTS 

WRITE STA RTC Generate AS and Latch Data from ACCA 
STAB RTC+1 Generate DS and Store Data 
RTS 


IMPORTANT APPLICATION NOTICE 
The CDP6818 with a bottom brand code of 6RR requires a application of power down circuitry. If CE is grounded at all 


synchronization of the CE pin with address strobe. The follow- times (No power down required) the following circuit need not 
ing circuit will satisfy that condition and also shows a typical be used. 
CDP68I8 ericey 
aes 470 k 32.768 kHz aie 
aus ne me 200F EQUIVALENT 
AD2 3 
MBD701 AD3 ier 
(SCHOTTKY) % AD4 a i 
BBV ADS 
IN4I98 3.9y ADS 
(si) AD7 
Ae NOTES: 
+1 E 1. All unused inputs of the CD74HC373 must be grounded. 
— R/W 2. If point (A) equals 12 V point (B) should be equal to 4.06 V. 
If point (A) equals 10 V point (B) should be equal 
to 3.38 V with (C) set for 3.18 V. 
“Battery Backup Voltage 
CO74HCOO 
+ 
3 
CE S. RUN 
BBV [stay 
OSETFOR ppv 31p0— gy 
38 V O 


‘ CD74HC373 


i? 20 
IM 
© | >* te 
2) 7 


(SEE 4 O+5V 
CA3420 
NOTE = (SEE NOTE 1) 
1 1M 
- 20 


92CM-37725 
39k k 
+12 V(>BBV) OC 


(SEE NOTE 2) 


Fig. 23 — Typical Application Circuit 
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Advance Information/ 
Preliminary Data 
TERMINAL ASSIGNMENT 
: CMOS Parallel Interface 
| Features: m Four port C 1/O pins may be used 
| s 24 individual programmed I/O pins as Control Lines for: 
s MOTEL circuit for bus compatibility Four interrupt inputs 
with many microprocessors Input byte latch 
a Multiplexed bus compatible with: Output pulse 
CDP6805E2 and competitive Handshake activity 
microprocessors _™ 15 registers addressed as 
= Data direction registers for — _memory locations : 
ports.A, B, and C a Handshake control logic for input 
| - . ' @ Reset input to clear interrupts and output peripheral operation 
TOP VIEW _ and initialize internal registers w /nterrupt output pin 


92CS- 35114 


a 3 volt to 5.5 voit operating Voo 


fd 


The RCA-CDP6823 CMOS parallel interface (CPI) provides 
a universal means of interfacing external signals with the | G . 
CDP6805E2 CMOS microprocessor and other multiplexed ae 
bus microprocessors. The unique MOTEL circuit on-chip 


allows direct interfacing to most industry CMOS micro- | 
A 


PAO 

PAI. 
PA2 
Port PA3 
PAG 
PAS 
PAG 


processors, as well as many NMOS MPUs. 
The CDP6823 CPI includes three bidirectional 8-bitportsor “*° 


24 1/O pins. Each I/O line may be separately established as 22 eae ies 
an input or an output under program control via data 4» pale 

‘ ‘ ‘ ‘ ’ H H AD4 utters 
direction registers associated with each port. Using the bit as 8 Nel aa 


change and test instructions of the CDP6805E2, each _,,, 
individual I/O pin can be separately accessed. All port 40” 


PBI 
PB2 
Port PB3 


registers are read/write bytes to accommodate read-modify- 8 bss 
| write instructions. oe fl WS eee 
| The CDP6823 is supplied in a 40-lead hermetic dual-in-line rege a 
| side-brazed ceramic package (D suffix) and in a 40-lead 


simi 


dual-in-line plastic package (E suffix). FRO 


The RCA-CDP6823 is equivalent to and is a direct replace- 
ment for the industry type MC146823. 


Handshake Handshake 
8 A 
Logic Logic 


Warning 


Status 


DOR 
C 2 


: Data 
! C 
| 
; Pin 


Function 
Select 


Control 
inputs 


a 
i 


2 


PCO 
PC) 

Port <e Pee 

C PC3 

1/0 Multiplexer pCa/cat 
PC5/CA2 
PC6/CBt 


PC7/CB2 


E 
IS 


Fig. 1 - Functional block diagram. 
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MAXIMUM RATINGS (Voltages reference to Vss) 


Ratings Symbol 
Supply Voltage 
All Input Voltages | Vin |Vgg—0.5 to Vpp+0.5]  V 

fo] 
(e] 
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This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-im- 
pedance circuit. For proper operation it is 
recommended that Vin and Vou be con- 
strained to the range Vss = (Vin Or Vout) 2 
Voo.. Leakage currents are reduced and 
Thermal Resistance reliability of operation is enhanced if unused 
Ceramic inputs are tied to an appropriate logic 
Plastic voltage level (e.g., either Vss or Vop). 


Current Drain per Pin Excluding 
Vpp and Vss 10 m 


A 
C 
C 


ic 


Parameter 


Output Voltage (I| gags 10 pA) 


Output High Voltage 
(ILoad= — 1.6 mA) ADO-AD7 

(\_ gad= —0.2 mA) PAO-PA7, PCO-PC7 
(IL oad= — 0.36 mA) PBO-PB7 


Output Low Voltage 


(ILoag= 1.6 mA) ADO-AD7, PBO-PB7 VOL Vss 
(ILoad=0.8 mA) PAO-PA7, PCO-PC7 VOL Vss 
(ILoad=1 mA) iRO VOL VSs 


input High Voltage, ADO-AD7, AS, DS, R/W, CE, PAO-PA7, PBO-PB7, PCO-PC7 Vpp- 2.0 
RESET VIH Vpop- 0.8 VDD 
Input Low Voltage (All Inputs) Vss 


Quiescent Current — No de Loads 
(All Ports Programmed as Inputs, All Inputs=Vpp — 0.2 V) 


“Total Supply Current 
(All Ports Programmed as Inputs, CE=VjL, teyc= 1 #S) 


Input Current, CE, AS, R/W, DS, RESET lin 
Hi-Z State Leakage, ADO-AD7, PAO-PA7, PBO-PB7, PCO-PC7 ITSL 


VDD . 
TTL Equivalent CMOS Equivalent 
Test Point 


R9 


O 


For all outputs except IR 
C=50 pF; All Ports 
= 130 pF; ADO-AD7 
for Vpp=5 V +10% 


[ 


4.02 k 


< 
O 
O 


ra ee 
ADO-ADT 
T 00 pF 


Fig. 2 - Equivalent test loads. 
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BUS TIMING (Vpp=5 Vde + 10%, Vgss=0 Vdc, Ta=0° to 70°C, unless otherwise noted) 


[Nomber] —Cnctnitcs 

Number Characteristics 

Cycle Time 

Pulse Width, DS/E Low or RD/WR High PWe_ | 3900 | — | 

PWen | 3 | [ns 
[4 [input Rise and Faltime SS SSSCSOSOSSOSCSCSCSC nt | | 
[eR Hod timer = 
[13_[ R/W and CE Setup Time Before DSTE—SC~C~“—S*S*S*SCSC—C—CCSS*SCSsSS ws | = dC 
[16 [crip Enable Holdtime SCS tc Ps 
10 
[ai Wite Data Hold Time OOS 
[24 [Muxed Address Veld Tine tO ASTACE Fal ——SSCSCS~CS~—~—S—CS~s a | Ed 
[a5 [Moxed Adsress Hod Time SSCS P| 
[28 [Delay Tine DS/E to ASTALERISG—SSCSC~—~—CSCSCSCSCSCSSSC~iSS | Td 
[27 [Pulse Width, ASTALE High SSSOSCSCSCSSSCSCSCSCSS~*d Pas] 70 
Delay Time, AS/ALE to DS/E Rise ltasep | 60 | - | ons | 
Peripheral Output Data Delay Time from DS/E or RD 

Peripheral Data Setup Time 


NOTE: Designations E, ALE, RD, and WR refer to signals from alternative microprocessor signals. 


AS 


DS 


r le +t 


ie Kip 


} 
Lh, | =O 
Ww) | ite 


7 : 
i wel 


(31) 
a |<—/ 2 ) 
ress \\ ; ; 
2S 
(25) 


m 


© @) 
ADO 


i Address Read Data 
00 “i | ae” 
READ Valid ) (| Valid 
NOTE: VHiGH=Vpp-2 V, VLlow=0.8 V, for Vpp=5 V +10% 


Fig. 3 - Bus timing diagram. 
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ALE (Address Latch Enable) 
(AS Pin) & 


RD (Read Output Enable) 
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(DS Pin) 
WR (Write Enable) 
(R/W Pin) 


ae! ie ke 


ADO-AD7 7 
(Address/Data Bus) “| Address ) ( Read Data ) 
Valid Valid 


Fig. 4- Bus READ timing competitor multiplexed bus. 


ALE (Address Latch Enable) ae, ware 
(AS Pin) 
(4) (4) 
2 
RD (Read Output Enable) 
(DS Pin) 
7 isinsdid 


SR Pinl © i el 


CE (Chip Enable) AAA 
~_— ke] [—O—+1 FO © 


NOTE: VHiGH=Vpp-2 V, VLow=0.8 V, for Vpp=5 V + 10% 


Fig. 5- Bus WRITE timing competitor multiplexed bus. 
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CONTROL TIMING (Vpp=5 Vdc + 10%, Vgg=0 Vdc, Ta =0°C to 70°C) 


CA2/CB2 Pulse Width (Output Mode 1) 
Delay, Vpp Rise to RESET High 
Pulse Width, RESET 

TBD= To be determined. 


TRO RESPONSE (INPUT MODES 1 AND 3) CA2/CB2 DELAY (OUTPUT MODE 1) 
CAI i Read P1DA/Write P1DB Cycle 
CA2 
tlROR— AS 
TRO. 
CA2/CB2 
CA2/CB2 DELAY (OUTPUT MODE 0) 
RESET 
CA1/CB1 Vop 
OV 
tRLH 
CA2/CB2 
RESET 
tRW 
AS 


Read P1DA/ 
Write P1DB 
Cycle 


Fig. 6 - Control timing diagrams. 
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GENERAL DESCRIPTION 

The CDP6823, CMOS parallel interface (CPI), contains 24 
individual bidirectional !/O lines configured in three 8-bit 
ports. The 15 internal registers, which control the mode of 
operation and contain the status of the port pins, are 
accessed via an 8-bit multiplexed address/data bus. The 
lower four address bits (ADO-AD3) of the multiplexed 
address bus determine which register is to be accessed (see 
Register Address Map shown below). The four address bits 
(AD4, AD5, AD6, and AD7) must be separately decoded to 
position this memory map within each 256-byte address 
space available via the 8-bit multiplexed address bus. For 
more detailed information, refer to REGISTER DESCRIP- 
TION. 


REGISTER ADDRESS MAP 


Port C Data PDC 
Not Used , ell 


nmmoonow Pwo WON DO BP WD NH 


The CPI is implemented with the MOTEL circuit which 
allows direct interface with either of the two major multi- 
plexed microprocessor bus types. A detailed description of 
the MOTEL circuit is provided in the MOTEL section. 


6800 Family Competitor Type CDP6823 
MPU Signals MPU Signals Pin Signals 
AS ALE AS 
DS, E, or 62 RD DS 

R/W WR R/W 
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Three data direction registers (DDRs), one for each port, 
determine which pins are outputs and which are inputs. A 
logic zero on a DDR bit configures its associated pin as an 
input; and alogic one configures the pin as an output. Upon 
reset, the DDRs are cleared to logic zero to configure all 
port pins as inputs. 


Actual port data may be read or written via the port data 
registers (PDA, PDB, and PDC). Ports A and B each have 
two additional data registers (P1DA and P2DA - P1DB and 
P2DB) which are used to clear the associated hand- 
shake/interrupt status register bits (HSA1 and HSA2 - HSB1 
and HSB2), respectively. Port A may also be configured as 
an 8-bit latch when used with CA1. Reset has no effect on 
the contents of the port data registers. Users are advised to 
initialize the port data registers before changing any port 
pin to an output. 


Four pins on port C (PC4/CA1, PC5/CA2, PC6/CB1, and 
PC7/CB2) may additionally be programmed as handshake 
lines for ports A and B via the port C function select register 
(FSR). Both ports A and B have one input-only line and one 
bidirectional handshake line each associated with them. 
The handshake lines may be programmed to perform a 
variety of tasks such as interrupt requests, setting flags, 
latching data, and data transfer requests and/or acknow- 
ledgments. The handshake functions are programmed via 
control registers A and B (CRA and CRB). Additional 
information may be found in PIN DESCRIPTIONS, 
REGISTER DESCRIPTION, or HANDSHAKE OPERATION. 


MOTEL 

The MOTEL circuit is a concept that permits the CDP6823 
to be directly interfaced with different types of multiplexed 
bus microprocessors without any additional external logic. 
For amore detailed description of the multiplexed bus, see 
MULTIPLEXED BIDIRECTIONAL ADDRESS/DATA BUS 
(AD0-AD7). Most multiplexed microprocessors use one of 
two synchronous buses to interface peripherals. An industry 
standard bus structure is now available. 


The MOTEL circuit is built into peripheral and memory ICs 
to permit direct connection to either type of bus. The 
MOTEL concept is shown logically in Fig. 7. 


The microprocessor type is automatically selected by the 
MOTEL circuit through latching the state of the DS/RD pin 
with AS/ALE. Since DS is always low during AS and RD is 
always high during ALE, the latch automatically indicates 
with which type microprocessor bus it is interfaced. 


Internal 


Competitive Bus Signals 


Motorola 


Read Enable 


Write Enable 


Fig. 7 - Functional diagram of MOTEL circuit. 
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PIN DESCRIPTION 

The following paragraphs contain a brief description of the 
input and output pins. References (if applicable) are given 
to other paragraphs that contain more detail about the 
function being performed. 


Multiplexed Bidirectional Address/Data Bus (AD0-AD7) 
Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion of the bus cycle for 
data. Address-then-data multiplexing does not slow the 
access time of the CDP6823 since the bus reversal from 
address to data is occurring during the internal register 
access time. 


The address must be valid tasz prior to the fall of AS/ALE at 
which time the CDP6823 latches the address present on the 
ADO-AD3 pins. Valid write data must be presented and held 
stable during the latter portion of the DS or WR pulses, In a 
read cycle, the CDP6823 outputs eight bits of data during 
the latter portion of the DS or RD pulses, then ceases 
driving the bus (returns the output drivers to high im- 
pedance) tour hold time after DS falis in this case of MOTEL 
or RD rises in the other case. 


Address Strobe (AS) 

The address strobe input pulse serves to demultiplex the 
bus. The falling edge of AS or ALE causes the addresses 
ADO-AD3 to be latched within the CDP6823. The automatic 
MOTEL circuit in the CDP6823 also latches the state of the 
DS pin with the falling edge of AS or ALE. 


Data Strobe or Read (DS) 

The DS input pin has two interpretations via the MOTEL 
circuit. When generated by a Motorola microprocessor, DS 
is a positive pulse during the latter portion of the bus cycle, 
and is variously calied DS (data strobe), E (enable), or #2 
(@2 clock). During read cycles, DS or RD signifies the time 
that the CPI is to drive the bidirectional bus. In write cycles, 
the trailing edge of DS or rising edge of WR causes the 
parallel interface to latch the written data present on the 
bidirectional bus. 


The second MOTEL interpretation of DS is that of RD, 
MEMR, or I/OR originating from a competitor-type micro 
processor. In this case, DS identifies the time period when 
the parallel interface drives the bus with read data. This 
interpretation of DS is also the same as an output-enable 
signal on a typical memory. 


The MOTEL circuit, within the CDP6823, latches the state of 
the DS pin on the falling edge of AS/ALE. When the mode of 
MOTEL is desired DS must be low during AS/ALE, which is 
the case with the multiplexed bus microprocessors. To 
insure the competitor mode of MOTEL, the DS pin must 
remain high during the time AS/ALE is high. 


Read/Write (R/W) _ 

The MOTEL circuit treats the R/W input pin in one of two 
ways. The microprocessor is connected, R/W is a level 
which indicates whether the current cycle is a read or write. 
A read cycle is indicated with a high level on R/W while DS is 


high, whereas a write cycle is a low on R/W while DS is high. 


The second interpretation of R/W is as a negative write 
pulse, WR, MEMW, and T/OW from competitor-type micro 
processors. The MOTEL circuit in this mode gives the R/W 
pin the same meaning as the write (W) pulse on many 
generic RAMs. 
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Chip Enable (CE) 

The CE input signal must be asserted (low) for the bus cycle 
in which the CDP6823 is to be accessed. CE is not latched 
and must be stable prior to and during DS (in the 6805 mode 
of MOTEL) and prior to and during RD and WR (in the 
competitor mode of MOTEL). Bus cycles which take place 
without asserting CE cause no actions to take place within 
the CDP6823. When CE is high, the multiplexed bus output 
is in a high-impedance state. 


When CE is high, all data, DS, and R/W inputs from the 
microprocessor are disconnected within the CDP6823. This 
permits the CDP6823 to be isolated from a powered-down 
microprocessor. 


Reset (RESET) 

The RESET input pin is an active-low line that is used to 
restore all register bits, except the port data register bits, to 
logical zeros. After reset, all port lines are configured as 
inputs and no interrupt or handshake lines are enabled. 


Interrupt Request (IRQ) 

The IRQ output line is an open-drain active-low signal that 
may be used to interrupt the microprocessor with a service 
request. The “open-drain” output allows this and other 
interrupt request lines to be wire ORed with a pullup 
resistor. The IRQ line is low when bit 7 of the status register 
is high. Bit 7 (IRQF) of the handshake/interrupt status 
register (HSR) is set if any enabled handshake transition 
occurs; and its associated contro! register bit is set to allow 
interrupts. Refer to INTERRUPT DESCRIPTION or HAND- 
SHAKE OPERATION for additional information. 


Port A, Bidirectional I/O Lines (PA0-PA7) 

Each line of port A, PAO-PA7, is individually programmable 
as either an input or output via its data direction register 
(DDRA). AnI/O pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. See Fig. 8 for typical I/O circuitry and Table 1 for I/O 
operation. 


TABLE 1 — PORT DATA REGISTER ACCESSES (ALL PORTS) 


DDR 
Bit Results 
The |/O pin is in input mode. Data is written into the 
LE atta men TO Det sven ne 
1 Data is written into the output data latch and out- 
OE ac ao pine”? PSR Donte 


| 1 | 0 |The state of the |/O pin is read. 


1 1 |The {/O pin is in an output mode. The output 
data latch is read. 


There are three data registers associated with port A: PDA, 
P1DA, and P2DA. P1DA and P2DA are accessed when 
certain handshake activity is desired. See HANDSHAKE 
OPERATION for more information. 


Data written to the port A data register, PDA, is latched into 
the port A output latch regardless of the state of the DDRA. 
Data written to P1DA or P2DA is ignored and has no affect 
upon the output data latch or the I/O lines. An MPU read of 
port bits programmed as outputs reflect the last value 
written to the PDA register. Port A pins programmed as 
inputs may be latched via the handshake line PC4/CA1 (see 
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Fig. 8 - Typical port I/O circuitry. 


HANDSHAKE OPERATION) and latched input data may be 
read via any of the three port A data registers. If the port A 
input latch feature is not enabled, an MPU read of any portA 
data register reflects the current status of the port A input 
pins if the corresponding DDRA bits equal zero. Reset has 
no effect upon the contents of the port A data register; 
however, all pins will be placed in the input mode (all DDRA 
bits forced to equal zero) and all handshake lines will be 
disabled. 


Port B Bidirectional I/O Lines (PB0-PB7) 

Each line of port B, PBO-PB7, is individually programmable 
as either an input or an output via its data direction register 
(DDRB). An!/O pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. 


There are three data registers associated with port B: PDB, 
P1DB, and P2DB. PDB is used for simple port B data reads 
and writes. P1DB and P2DB are accessed when certain 
handshake activity is desired. See HANDSHAKE OPERA- 
TION for more information. 


Data written to PDB or P1DB data register is latched into the 
port B output latch regardless of the state of the DDRB. An 
MPU read of port bits programmed as outputs reflect the 
last value written to a port B data register. An MPU read of 
any port B register reflects the current status of the input 
pins whose DDRB bits equal zero. Reset has no effect upon 
the contents of the port B data register; however, all pins will 
be placed in the input mode (all DDRB bits forced to equal 
zero) and all handshake lines will be disabled. 


Port C, Bidirectional I/O Lines (PC0-PC3) 

Each line of port C, PCO-PC3, is individually programmable 
as either an input or an output via its data direction register 
(DDRC). AnI/O pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. Port C data register (PDC) is used for simple port C 
data reads and writes. 


Data written into PDC is latched into the port C data latch 
regardless of the state of the DDRC. An MPU read of port C 
bits programmed as outputs reflect the last value written to 
the PDC register. An MPU read of the port C register reflects 


the current status of the corresponding input pins whose 
DDRC bits equal zero. Reset has no effect upon the 
contents of the port C data register; however, all pins will be 
placed in the input mode (all DDRC bits forced to equal 
zero) and all handshake lines will be disabled. 


Port C Bidirectional I/O Line or Port A Input Handshake 
Line (PC4/CA1) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port A via the port C function 
select register (FSR). If programmed as a port C I/O pin, 
PC4/CA1 performs as described in the PCO-PC3 pin 
description. If programmed as a port A handshake line, 
PC4/CA1 performs as described in HANDSHAKE OPERA- 
TION. 


Port C Bidirectional I/O Line or Port A Bidirectional 
Handshake Line (PC5/CA2) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port A viathe port C function 
select register (FSR). If programmed as a port C 1/O pin, 
PC5/CA2 performs as described in the PCO-PC3 pin 
description. If programmed as a port A handshake line, 
PC5/CA2 performs as described in HANDSHAKE OPERA- 
TION. 


Port C Bidirectional !/O Line or Port B Input Handshake 
Line (PC6/CB1) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port B via the port C function 
select register (FSR). If programmed as a port C 1/O pin, 
PC6/CB1 performs as described in the PCO-PC3 pin 
description. If programmed as a port B handshake line, 
PC6/CB1 performs as described in HANDSHAKE OPERA- 
TION. 


Port C Bidirectional I/O Line or Port B 

Bidirectional Handshake Line (PC7/CB2) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port B via the port C function 
select register (FSR). If programmed as a port C I/O line, 
PC7/CB2 performs as described in the PCO-PC3 pin 
description. If programmed as a port B handshake line, 
PC7/CB2 performs as described in HANDSHAKE OPERA- 
TION. 
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HANDSHAKE OPERATION 

Up to four port C pins can be configured as handshake lines 
for ports A and B (one input-only and one bidirectional line 
for each port) via the port C function select register (FSR). 
The direction of data flow for the two bidirectional hand- 
shake lines (CA2 and CB2) is determined by bits 5 and 7, 
respectively, of the port C data direction register (DDRC). 
Actual handshake operation is defined by the appropriate 
port control register (CRA or CRB). 


The control registers allow each handshake line to be 
programmed to operate in one of four modes. CA2 and CB2 
each have four input and four output modes. For detailed 
information, see Tables 2 and 3. 


A summary of the handshake modes is given in the input 
and output sections that follow. All handshake activity is 
disabled by reset. 


Input 
Handshake lines programmed as inputs operate in any of 
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four different modes as defined by the control registers (see 
Table 2). A bit in the handshake/interrupt status register 
(HSR) is set to a logic one on an active transition of any 
handshake line programmed as an input. Modes 0 and 1 
define a negative transition as active; modes 2 and 3 definea 
positive transition as active. If modes 1 or 3 are selected on 
any input handshake line then the active transition of that 
line results in the IRQF bit of the HSR being set to a logic 
one and causes the interrupt line (IRQ) to go low. IRQ is 
released by clearing the HSR bits that are input handshake 
lines which have interrupts enabled. 


If an active transition occurs while the associated HSR bit is 
set to a logic one, the corresponding bit in the handshake 
warning register (HWR) is set to a logic one indicating that 
service of at least one active transition was missed. An HWR 
bit is cleared to a logic zero by first accessing the appropriate 
port data register, to clear the appropriate HSR status bit, 
followed by a read of the HWR. 


TABLE 2 — INPUT HANDSHAKE MODES 


* Cleared to logic zero on reset. 


Control Active Status Bit 
Register Bits* Edge In HSR 
— Edge Set high on | Disabled 
active edge. 
1 01 ~ Edge Set high on | Goes low when corresponding 
| active edge. | status flag in HSR goes high. 
2 10 + Edge Set high on | Disabled 
i we 
3 11 + Edge Set high on 
active edge. 


Goes low when corresponding 
status flag in HSR goes high. 


TABLE 3 — OUTPUT HANDSHAKE LINES (CA2 AND CB2 ONLY) 


Control 
Register 
CRA(B) 
Bits 


Handshake Line Set High 


Handshake Line Cleared Low 


Handshake set high on active Read of P1DA or a read of P2DA High 
transition of CA1 input. while HSA‘ is cleared. 
Handshake set high on active Write of port B P1DB or write 
transition of CB1 input. of P2DB while HSB’ is cleared. 
1 01 High on the first positive Low on the first positive High 
(negative) transition of AS (negative) transition on AS fol- 
: while CA2 (CB2) is low. lowing a read (write) of port 
A(B) data registers P1DA(B) or 
P2DA(B). 
sft Aways SSSCS~dSCNver SCSCSC~C~C‘iG 


* Cleared to logic zero on reset. 
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Input Latch 

Port A input-only handshake line (PC4/CA1) can be 
programmed to function as a latch enable for port A input 
data via CA1 LE (bit 2 of CRA). If CA1 LE is programmed toa 
logic one, an active transition of PC4/CA1 will latch the 
current status of the port A input pins into all three port A 
data registers (PDA, P1DA, and P2DA). When CA1 LE is 
enabled, port A and PC4/CA1 function as an 8-bit trans- 
parent latch; that is, if the HSA1 bit in the HSR is a logic zero 
then aread of any port A register reflects the current state of 
the port A input pins and corresponding bits of the output 
data latch for port A output pins. If HSA1 is a logic one, a 
read of any port A data register reflects the state of the port 
A input pins when HSA1 was set and the corresponding bits 
of the port A output data latch for port A output pins. 


Further transitions of PC4/CA1 result only in setting the 
HWA‘ bitin the HWR and donot relatch data into the portA 
registers. Latched data is released only by clearing HSA1 in 
the HSR to a logic zero (HSA1 is cleared by reading P1DA). 


Output 

Each bidirectional handshake line programmed as an 
output by the DDRC operates in one of four modes as 
described in Table 3. Modes 2 and 3 force the output 
handshake line to reflect the state of bit 4in the appropriate 
control register. 


In modes 0 and 1, PC5/CA2 is forced low during the cycle 
following a read of P1DA or a read of P2DA while HSA1 is 
cleared. PC7/CB2 is forced low during the cycle following a 
write to P1DB or a write to P2DB while HSB1 is cleared. 
Because of these differences, port A is the preferred input 
port and port B is the preferred output port. 


In mode 0, PC5/CA2 (PC7/CB2) is set high by an active 
transition of PC4/CA1 (PC6/CB1). In mode 1, PC5/CA2 
(PC7/CB2) is set high in the cycle following the cycle in 
which PC§/CA2 (PC7/CB2) goes low. Mode 1 forces a low- 
going pulse on PC5/CA2 (PC7/CB2) following a read 
(write) of P1DA (P1DB) or P2DA (P2DB) that is approxi- 
mately one cycle time wide. 


When entering an output handshake mode for the first time 
after a reset, the handshake line outputs the default level as 
listed in Table 3. 


INTERRUPT DESCRIPTION —— 

The CDP6823 allows an MPU interrupt request (IRQ low) 
via the input handshake lines. The input handshake line, 
operating in modes 1 or3 as defined by the control registers 
(CRA and CRB), causes IRQ to go low when IRQF (interrupt 
flag) inthe HSR is set to a logic one. IRQ is released when 
IRQF is cleared. See Handshake/Interrupt Status Register 
under REGISTER DESCRIPTION for additional information. 
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REGISTER DESCRIPTION 

The CDP6823 has 15 registers (see Fig. 1) which define the 
mode of operation and status of the port pins. The following 
paragraphs describe these registers. 


Register Names: 
Control Register A (CRA) 
Control Register B (CRB) 


Register Addresses: 
$9 (CRA) 
$A (CRB) 


Register Bits: 


7 6 5 4 3 2 | ¢) 
CA2 CA1 CA1 
CB2 CB1 

X X X Mode x Mode 


Purpose: 

These two registers control the handshake and interrupt 
activity for those pins defined as handshake lines by the 
port C function select register (FSR). 


Description: 

CA2 and CB2 are programmed as inputs or outputs via the 
associated DDRC bits. Each handshake line is controlled by 
two mode bits. Bit 2 of CRA enables the Port A latch for an 
active CA1 transition. Table 2 describes the input handshake 
modes (CA1, CB1, CA2, CB2) and Table 3 describes the 
Output handshake modes for CA2 and CB2. 


$9 


SA 


Register Names: 
Port A Data Registers (PDA, P1DA, P2DA) 


Register Addresses: 
$2 (PDA), $0 (P1DA), $1 (P2DA) 


Register Bits: 


6 5 4 3 2 1 0) 


Purpose: . 

These three registers serve different purposes. PDA is used 
to read input data and latch data written to the port A output 
pins. P1DA and P2DA are used to read input data and to 
affect handshake and status activity for PC4/CA1 and 
PC5/CA2. If enabled, port A input data may be latched into 
the three port A data registers on an active PC4/CA1 
transition as described in HANDSHAKE OPERATION. 
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Description: 

Data written into PDA is latched into the port A output latch 
(see Fig. 3) regardless of the state of DDRA. Output pins, as 
defined by DDRA, assume the logic levels of the cor- 
responding bits in the PDA output latch. The PDA output 
latch allows the user to read the state of the port A output 
data. If the input latch is not enabled, a read of any portA 
data register reflects the current state of the port A input 
pins as defined by DDRA and the contents of the output 
latch for output pins. Writes into P1DA or P2DA have no 
effect upon the output pins or the output data latch. Users 
are recommended to initialize the port A output latch before 
changing any pin to an output via the DDRA. 


MPU accesses of P1DA or P2DA are primarily used to affect 
handshake and status activity. ASummary of the effects on 
the status and warning bits of port A data register accesses 
is givenin Table 4. For more information, see HANDSHAKE 
OPERATION and Control Register A (CRA) under REG- 
ISTER DESCRIPTION. Reset has no effect upon the 
contents of any port A data register. 


Register Names: 
Port B Data Registers (PDB, P1DB, P2DB) 


Register Addresses: 
$3 (PDB), $C (P1DB), $D (P2DB) 


Register Bits: 
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Purpose: 

These three registers serve different purposes. The Port B 
data registers are used to read input data and to latch data 
written to the port B output pins. Writes to PDB and P1DB 
affect the contents of the output data latch while writes to 
P2DB do not affect the output data latch. P1DB and P2DB 
accesses additionally affect handshake and status activity 
for PC6/CB1 and PC7/CB2. 


Description: 

Data written into PDB and P1DB port B registers is latched 
into the port B output latch (see Fig. 3) regardless of the 
state of DDRB. Output pins, as defined by DDRB, assume 
the logic levels of the corresponding bits in the port B 
output latch. Reads of any port B data registers reflect the 
contents of the output data latch for output pins and the 
current state of the input pins (as determined by DDRB). 
Users are recommended to initialize the port B output latch 
before changing any pin to an output via the DDRB. 


MPU accesses of P1DB or P2DB are primarily used to affect 
handshake and status activity. A summary of the effects on 
status and warning register bits of port B data register 
accesses is given in Table 5. For more information, see 
HANDSHAKE OPERATION or Control Register B (CRB) 
under REGISTER DESCRIPTION. Reset has no effect upon 
the contents of any port B data register. 


TABLE 4 — SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS, 
AND OUTPUT LATCH BY PORT A DATA REGISTER ACCESSES 


[POA | None None 


Register 
| re HWR Bit Handshake Reaction 


None sss 


P1IDA HSA1 cleared | HWA1 loaded } CA2 goes low if output modes 
to a logic into buffer O or 1 are selected in the CRA. femee || 
zero. latch. 
P2DA HSA2 cleared | HWA2 loaded | CA2 goes low if output modes 
to a logic into buffer 0 or 1 are selected in the CRA. 
zero. latch. 


| Output Latch | |__Output Latch _| 


TABLE 5 — SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS, 
AND OUTPUT LATCH BY PORT B DATA REGISTER ACCESSES 


| PDB  |None [None si 


HSB2 cleared 
to a logic 
zero. 


HWA2 loaded 
into buffer 
latch. 


P2DB 


Register 


|None ——_—i{ None 


at HSB1 cleared HWB1 loaded eee goes low if output modes 
zero. latch. 
CB2 goes low if output modes 
QO or 1 are selected in CRB. cake 


| Output Latch | esch 


[Rone | ves [Yes 
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Register Name: 
Port C Data Register (PDC) 


Register Address: 
$4 


Register Bits: 


7 6 5 4 3 2 1 0 


Purpose: 
The port C data register (PDC) is used to read input data 
and to latch data written to the output pins. 


Description: 

Data is written into the port C output latch (see Fig. 3) 
regardiess of the state of DDRC. Any port C pin defined as a 
handshake line by the port C function select register (FSR) 
is not affected by PDC. Output pins, as defined by DDRC, 
assume logic levels of the corresponding bits in the port C 
output latch. A read of PDC reflects the contents of the 
output latch for output pins and the current state of the 
input pins (as reflected in the DDRC). Reset has no effect 
upon the contents of PDC. Users are recommended to 
initialize the port C output data latch before changing any 
pin to an output via the DDRC. 


Register Name: 
Data Direction Register for Port A (B) (C) 


Register Address: 
$6 ($7) ($8) 
Register Bits: 


7 6 5 4 3 2 1 0 
Purpose: 
Each of the three data direction registers (DDRA, DDRB, 


and DDRC) define the direction of data flow of the port pins 
for ports A, B, and C. 


Description: 

A logic zero in a DDR bit places the corresponding port pin 
in the input mode. A logic one in a DDR bit places the 
corresponding pin in the output mode. Any port C pins 
defined as bidirectional handshake lines also use the port C 


DDR (DDRC). Input-only handshake lines are not affected | 


by DDRC. Reset clears all DDR bits to logic zero configuring 
all port pins as inputs. The DDRs have no write-inhibit 
control over the port data output latches. Data may be 


written to the port data registers even though the pins are © 


configured as inputs. 


Register Name: 
Port C Pin Function Select Register (FSR) 


Register Address: 
$B 


Register Bits: 


7 6 5 4 3 2 1 0 
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Purpose: 

The port C pin function select register defines whether the 
multifunction port C pins are to operate as “normal” port C 
lines or as handshake lines. 


Description: 

A logic zero in any FSR bit defines the corresponding port 
C pin as a “normal” I/O pin. A logic one in any valid FSR bit 
defines the corresponding port C pin as a handshake line. 
Pins defined as handshake lines function according to the 
contents of control register A (CRA) or control register B 
(CRB). The port C data direction register (DDRC) is valid 
regardless of FSR contents for all pins except PC4/CA1 and 
PC6/CB1. Transitions on port C pins not defined as 
handshake pins do not effect the handshake/interrupt 
status register. Reset clears all FSR bits to a logic zero. 
Users are recommended to initialize the data direction and 
control registers before modifying the FSR. 


Register Name: 
Handshake/Interrupt Status Register (HSR) 


Register Address: 
$E 


Register Bits: 


7 6 5 4 3 2 1 0 


Purpose: 
The handshake interrupt status register is a read-only flag 
register that may be used during a polling routine to 
determine if any enabled input handshake transition, as 
defined by the control register (CRA and CRB), has 
occurred. 


Description: 

If an enabled input handshake transition occurs then the 
appropriate HSR bit (HSB2, HSA2, HSB1, or HSA‘) is set. 
The IRQ flag bit (bit 7, IRQF) is set when one or more of the 
HSR bits 0-3 and their corresponding control register bits 
are set to a logic one as shown in the following equation: 


Bit 7=IRQF=[HSB2eCRB2(3)]+[HSA2*CRA2(3)] 
+[HSB1eCRB1(0)]+[HSA1eCRA1(0)] 
The numbers in (_) indicate which bit in the control register 
enables the interrupt. 


Handshake/interrupt status register bits are cleared by 
accessing the appropriate port data register. The following 
table lists the HSR bit and the port data register that must be 
accessed to clear the bit. 


To Clear Access 
HSR Bit Register 
PMS 4 och pain eatcitcs cde Bags ection Ate eavaysirg P2DB 
FZ ee oo Pe ee Fes ho naa en tame P2DA 
PR Ihc 25 Gattate Ses gk ees oorar bane eee P1DB 
PAS PI arn eat. dG RA AAR ER ORO PIDA 


Reset clears all handshake/interrupt status register bits toa 
logic zero. 
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Register Name: 
Handshake Warning Register (HWR) 


Register Address: 
$F 


Register Bits: 


7 6 5 4 3 Z 1 0 


Purpose: 

The warning register is a read-only flag register that may be 
used to determine if a second attempt to set a hand- 
shake/interrupt status register bit has been made before the 
original had been serviced. 


Description: 

Each bit in the handshake/interrupt status register, except 
IRQF, has a corresponding bit in the handshake warning 
register. If an attempt is made to set a bit in the 
handshake/interrupt status register that is already set, then 
the corresponding bit in the handshake warning register is 
also set. An attempt is the occurrence of any enabled input 
handshake transition as defined by the control registers. 


A handshake warning register bit is cleared by first reading 
the appropriate data register then reading the handshake 
warning register. Reading the data register (either P1DA, 
P2DA, P1DB, or P2DB) loads a buffer latch with the proper 
bit in the handshake warning register (HWA1, HWA2, 
HWB1, and HWB2, respectively). The next read of the 
handshake warning register clears the appropriate bit 


CDP6818 
Real-Time Clock 
Plus RAM 


Bus Control 


CDP6805E2 
Microprocessor 


74HC138 
5 Decoder 8 


An 8-Chip CMOS Microprocessor System Includes: 
8-Bit Microprocessor 
8 18 6K Bytes of ROM 
162 Bytes of RAM 
64 Parallel |1/O Pins 
RTC Function 
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without affecting the other three handshake warning 
register bits. The upper four bits, HWR4-HWR7, always read 
as logic zeros. If a port data register is not read before 
reading the handshake warning register, then the handshake 
warning register bits will remain unaffected. Reset clears all 
HWR bits to a logic zero. 


Recommended status register handling sequence: 


1. Read status (User determines which if any 
register enabled handshake transition 
occurred) 


2. Read/write port (Clears associated status bit and 
data indicated by latches appropriate warning 
status register register bit in the buffer latch) 


3. Read warning (Latched warning bit is cleared 
register and the remaining bits are 
unaffected) 


TYPICAL INTERFACING 

The CDP6823 is best suited for use with microprocessors 
which generate an address-then-data-multiplexed bus. Fig. 
9 shows the CDP6823 in a typical CMOS system that uses 
the CDP6805E2 CMOS MPU. Other multiplexed micro- 
processors can be used as easily. 


A single-chip microcomputer (MCU) may be interfaced 
with 11 port lines as shown in Fig. 10. This interface also 
requires some software overhead to gain up to 13 additional 
I/O lines and the CDP6823 handshake lines. 


CDP6823 
CMOS Parallel Interface 


CDP6823 
CMOS Parallel Interface 


Fig. S- A typical CMOS microprocessor system. 
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CDP6823 


ADO-AD7 


Microcomputer 


Address Strobe 


Fig. 10 - CDP6823 interfaced with the ports of a typical single-chip microprocessor. 
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TERMINAL ASSIGNMENT 


The RCA-CDP6848 and CDP6848CA are dual counter- 
timers consisting of two 16-bit programmable down 
counters that are independently controlled by separate 
control registers. The value in the registers determine the 
mode of operation and control functions. Counters and 
registers are directly addressable in memory space by 
many general-industry-type microprocessors. 


Each counter-timer can be configured in five modes with 
the additional flexibility of gate-level control. The control 
registers in addition to mode formatting, allow software 
start and stop, interrupt enable, and an optional read 
control that allows a stable readout from the counters. Each 
counter-timer has software control of a common interrupt 


Table I - Mode Description 


| C™—~——CFFunction ———siYS: Application 
Outputs change when clock decrements counter to “0” 


One clockwide output pulse when clock decrements 
counter to “0” 
3} Gate-Controlled One Shot} Outputs change when clock decrements counter to “0”. 
4 


4] Rate Generator Repetitive clockwide output pulse | 
5 Variable-Duty Cycle Repetitive output with programmed duty cycle Motor control 
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CMOS Dual Counter-Timer 


= Compatible with general-purpose and multiplexed address and data bus 
microprocessor systems 

a Will accept separate read and write signals or a common read/write 
signal with data strobe 

= Two 16-bit down-counters and two 8-bit control registers 

= 5 modes including a versatile variable-duty cycle mode 

= Programmable gate-level select 

= Two-complemented output pins for each counter-timer 

# Software-controlled interrupt output 


output with an interrupt status register indicating which 
counter-timer has timed out. 


In addition to the interrupt output, true and complemented 
outputs are provided for each counter-timer for control of 
peripheral devices. 


The CDP6848 and CDP6848C are functionally identical. 
They differ in that the CDP6848 has a recommended 
operating voltage range of 4 to 10.5 volts, and the CDP6848C 
has a recommended operating voltage range of 4 to 6.5 
volts. These types are supplied in 28-lead dual-in-line 
ceramic packages (D suffix), and 28-lead dual-in-line plastic 
packages (E suffix). 


AFormerly RCA Dev. Type No. TA11430 and TA11430C, 
respectively. 


Trigger pulse. 


File Number 1440 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltage referenced to Vss terminal) 


CD PGO4S ui cui trendintieaere tue 2e Awe Coes Saunt cea aman wate chad oe xe y syed Mh Sea Oua ne Doras caneasie eodure sadam acnite -0.5 to +11 V 

CO ROBF OC ins 5 tesla seeming eee S alee eta ea hc odo Fas ee ES BA Ree Ea CoA OE -0.5 to +7 V 
INPUT VOLTAGE RANGE; ALLANPUT Sie. sisicda eda found cca hoes baka gu ae Ot ca eean Shwodbe ad eeabee Maden -0.5 to Voo +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT 242445.(65 ease sGaa cuceneenee nck lenis untins law ta oy Reva cae ae kbve Haleunde be canle Ames +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

POU TAS 4 010-460" C-(PACKAGE TYREE) ssecainncaleaarved ane unas vase ale aronwns Stee wSG a8 aes ed OA el Owais Rouen 500 mW 
” For Ta = +60 to +85°C (PACKAGE TYPE Casa heehee ae heute nts oh ass eon tre Ved cvacy ebedcnas Derate Linearly at 12 mW/°C to 200 mW 

FOr TA209;t0-F 100 C (PACKAGE [YVPE BD) aioe wae sew nas Sd tae wae bee eee his eee Paes aoa Ves oe 500 mW 

For TA =+1.00.10:125°C (PACKAGE TYPE D) 002s chased ohas vate e WE iededed a hia oe BaSeos 4 Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA= FULL PACKAGE-TEMPERATURE RANGE (All Package TypeS....... 0... ccc cece cece eee cece eeeeeeeeeunaenaues 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 
FS Gee EY ED sire b bailed oh A a areas a yrast e brienncedn Oe Veal tan a we ana Ie ate ae ee LN a hae Chea baamanaa acta aes -55 to +125°C 


PR AGIKRGEOE YEG BG verter doce wargaheet ue eb Gan as oe abv baba Wid id wiadnn hea wei eens dota Wao he ere a a es -40 to +85°C 
S TORAGE-TEMPERATURE. RANGE Tsi6) vik tas were kwrnes fet Toth hee DS we Sess Gea tata, ed tease ele ae bo Gk REM dD Silas -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + in. (1.59 + 0.79 mm) from case for 10S MAX. ..... 2... ee cee eee cence eee eeeeeeeaeunneeetennnes +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp +5%, Except as noted 


CONDITIONS LIMITS | 
Far CDP6848 CDP6848C UNITS 


CHARACTERISTIC 


~ 


1 
| s 
. ; 


Quiescent Device Current 


Output Low Drive 
(Sink) Current 
Output High Drive 

(Source) Current 


I 
—_ 
=i 
oi 


Oo Oo 
on 
am) 
— 
oY 
_s 
ee 
no — 
Oo oOo 
Mo} § 
Ry 791M NM : 
x 
o 


= 

© 
ou 
oa 


Input Low Voltage 


Output Voltage 0,5 5 Leas 0.1 0.1 
Low-Level 0, 10 0.1 
Output Voltage 5 7 eae 
High Level 9.9 10 
10 


Input High Voltage 
0,5 5 
Input Leakage Current : 
. i 0, 10 Eke 

: ee ee 
6 

*Typical values are for Ta=25°C and nominal Vpp. FIOL=IOH=1 HA. 

AOperating current is measured at 200kHz for Vpp=5Vand 400 kHz for Vpp=10 V, with open outputs. 


‘— 
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Operating Current 


jo) 
— 
Oo 
4 
= 


Input Capacitance 
Output Capacitance 
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OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation Is always within the following ranges: 


LIMITS 


CDP6848 CDP6848C 


DC Operating Voltage Range a 
Input Voltage Range Vss VDD 
5 


Maximum Clock Input Rise or ae 7 
Fall Time f 


A Vbb = 9.5, fc. = 2.5 MHz 
e VoD = 4.75 V, fc. = 1 MHz 


CHARACTERISTIC UNITS 


READ/WRITE a 
RESET 
JAM 
\ REGISTER A 


RESET © © GATE A 
RD/RD © 
DS/WR oe rere CONTROL REGISTER A TAO 
MODE o AND MODE CONTROL +15 
AS c 
CSo ——oCLOCK A 
A2c 
AL HOLDING 
AQ co REGISTER A 
Vgs:7 INT AND < 
STATUS REGISTER T 
8-BIT ies 7 
eae DRIVERS ve 
: REGISTERB 
3 GATE B 
AOU TERE CONTROL REGISTER B HO 
AND MODE CONTROL TBO 
vy © CLOCK B 
92CL-35998 


HOLDIN 
REGISTER B 


Fig. 1 - Functional diagram CDP6848 and CDP6848C. 
Functional Definitions for CDP6848 and CDP6848C Terminals 


VDD-Vss Power 
DBO-DB7 __| Data to and from device Active high input that enables device 
DS/WR, RD/RD| Directional control signals Low when counter is 0” 


AO, A1, A2 When active, TAO, TBO are low, 


TAO, TBO are high. Interrupt status 


Address that select counters or 
registers 


TACL, TBCL Clocks used to decrement counters register is cleared counter A and 
TAG, TBG Gate inputs that control counters B are stopped. 
TAO, TAO Complemented outputs of Timer A Determine the operation of 
TBO, TBO Complemented outputs of Timer B the directional control 
ADDRESS Latches the address on Mode = 0 requires a 8085 interface 
STROBE pins AO, A1, and A2 Mode = 1 requires a CDP6805 


interface 
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REGISTER OPERATION 


interrupt Status Register 


Not Used 


Not Used 


PROGRAMMING MODEL 
| Counter A Registers Counter B Registers 


BUS 7 BUS 0 
BUS? BUS 0 


CONTROL REGISTER 
CONTROL REGISTER 


WRITE ONLY 
WRITE ONLY 


HOLDING REGISTER LSB 


READ ONLY 


rm 
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Functional Description — See Fig. 1 


The dual counter-timer consists of two programmable 16- 
bit down counters, separately addressable and controlled 
by two independent 8-bit control registers. The word in the 
control register determines the mode and type of operation 
that the counter-timer performs. Writing to or reading from 
a counter or register is enabled by selective addressing 
during awrite or read cycle. The data is placed on the data 
bus by the microprocessor during the write cycle or read 
from the counter during the read cycle. Data to and from the 
counters and to the control registers is in binary format. 


Each counter-timer consists of three parts. The first is the 
counter itself, a 16-bit down counter that is decremented on 
the trailing edge (high to low transition) of the clock input. 
The second is the jam register that receives the data when 
the counter is written to. The word in the control register 
determines when the jam register value is placed into the 
counter. The third partis the holding register that places the 
counter value on the data bus when the counter is read. 


When the counter has decremented to zero, three events 
occur. The first involves the common interrupt output pin 
that, if enabled, becomes active low. The second is the 
setting of a bit in the interrupt status register. This register 
can be read to determine which counter-timer has timed 
out. The third event is the logic change of the complemented 
output pins. 


In addition to the clock input used to decrement the 
counter, a gate input is available to enable or initiate 
operation. The counter-timers are independent and can 
have different mode operations. 


Write Operation 

The counters and registers are separately addressable and 
are programmed via the data bus when the chip is selected 
with the DS/WR pin active. Normal sequencing requires 
that the counter jam register be loaded first with the 
required value (most significant and least significant byte in 
any order), and then the control register be accessed and 


loaded with the control word. The trailing edge of the 
DS/WR pulse will latch the control word into the control 
register and cause the counter to be jammed with its initial 
value. The counter will decrement on the trailing edge of 
succeeding clocks until it reaches zero. The output levels 
will then change, and if enabled, the interrupt output will 
become active and the appropriate timer bit will be set in the 
interrupt status register. The interrupt output and the 
interrupt status register can be cleared (to their inactive 
state) by addressing the control register with the DS/WR 
line active. For example, if counter A times out, control 
register A must be accessed to reset the interrupt output 
high and reset the timer A bit in the status register low. 
Timer B bit in the status register will be unaffected. 


Read Operation 


Each counter has a holding register that is continuously 
being updated by the counter and is accessed when the 
counter is addressed during read cycles. Counter reads are 
accomplished by halting the holding register and then 
reading it, or by reading the holding register directly. If the 
holding register is read directly, data will appear on the bus. 
However, if the clock decrements the counter between the 
two read operations (most and least significant byte), an 
inaccurate value will be read. To preclude this from 
happening, writing a‘‘1” into bit 6 of the control register and 
then addressing and reading the counter will result in a_ 
stable reading. This operation prevents the holding register 
from being updated by the counter and does not affect the 
counter’s operation. 

To guarantee a valid read after a jam of the counter, the 
device must be clocked at least one time with the gate 
enabled in modes 1, 2, 4, and 5. 


The interrupt status register is read by addressing either 
control register with the RD line active. A “1” in bit 7 
indicates Timer A has timed out and a “1” in bit 6 indicates 
Timer B has timed out. Bits 0-5 are zeros. 


Control Register 


rietstats} ets] ol 
Ve” 


Jam Enable 
1=Enabled 
0=Disabled 


Holding Register Control 
1=Freeze Holding Register 
0=Update Continuously 


Start/Stop Control 
1=Start Counter 
0=Stop Counter 


{ Gate Level Select 
1=Positive (High) 
0=Negative (Low) 

Mode Select 
001=Mode 1 
010- Mode 2 

*011=Mode 3 
100=Mode 4 
101=Mode 5 

“Plus Bit 7=0 


Interrupt Enable 
1=Enabled 
0=Disabied 


Bits 0, 1 and 2 — Mode Selects—See Mode Timing Diagrams (Figs. 2, 3, 4, 5 and 6). 


Mode 1 — Timeout 

Mode 2 — Timeout Strobe 

Mode 3 — Gate Controlled One Shot 
Mode 4 — Rate Generator 

Mode 5 — Variable-Duty Cycle 


No Mode selected. Counter outputs unaffected. 


Note: When selecting a mode, the timer outputs TAO and 


TBO are set low, and TAO and TBO are set high. If bits 0, 1 


and 2 are all zero’s when the control register is loaded, no 


mode is selected, and the counter-timer outputs are 
unaffected. 
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Bit 3 — Gate level select — All modes require an enabling 
signal on the gate to allow counter operation. This enabling 
signal is either a level or pulse (edge). Positive gate level or 
edge enabling is selected by writing a “1” into this bit and 
negative (low) enabling is selected when bit 3 is “0”. The 
gate level must be true (Gate pin TAG or TBG = Bit 3 Control 
Register) when JAM Register is loaded. 


Bit4 — Interrupt enable — Setting this bit to “1” enables the 
TNT output, and setting it to “0” disables it. When reset, the 
INT outputis at a high level. If the interrupt enable bit in the 
control register is enabled and the counter decrements to 
zero, the INT output will go low and will not return high until 
the counter-timer is reset or the selected control register is 
written to. Example: If timer B times out, control register B 
must be accessed to reset the INT output high. If the 
interrupt enable bit is set to “0”, the counter’s timeout will 
have no effect on the INT output. 


In mode 5, the variable-duty cycle mode, the INT pin will 
become active low when the MSB in the counter has 
decremented to zero. 


Bit 5 — Start/stop control — This bit controls the clock input 
to the counter and must be set to ‘‘1” to enable it. Writing a 
“Q” into this location will halt operation of the counter. 
Operation will not resume until the bit is set to “1”. 


Bit 6 — Holding register control — Since the counter may be 
decrementing during a read cycle, writing a “1” into this 
location will hold a stable value in the hold register for 
subsequent read operations. Rewriting a “1” into bit 6 will 
cause an update in the holding register on the next trailing 
clock edge. If this location contains a “0”, the holding 
register will be updated continuously by the value in the 
counter. 
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Bit 7 —Jam enable — When this bit is set to “1” during a write 
to the control register, the value in the jam register will be 
placed into the counter. The counter outputs TAO and TBO 
willbe set high and TAO and TBO will be set low on the next 
trailing clock edge. If bit 0, 1, or 2 is equal to 1 (i.e. valid 
mode) then counting begins with the next clock edge. 
Setting this bit to “0” will leave the counter value unaffected. 
This location should be set to “0” any time a write to the 
control register must be performed without changing the 
preset counter value. 


In mode 3, the hardware start is enabled by writing a “0” into 
bit 7. If a “1” is written to bit 7, the timeout will start 
immediately and mode 3 will resemble mode 1. 


Changing Counter Values 


Each counter must be stopped to reliably/load it from the 
Jam Register. A counter can be stopped by: 
e An external reset, 
e Timeout in Modes 1, 2, and 3 (Modes 4 and 5 properly 
reload and continue running at timeout), 
e Awrite to the control register with Bit 7 =0 (no JAM), 
Bit 5 = 1 (Start), and (Bit 2 + Bit 1 + Bit 0) = 1 (valid 
Mode select). 


Once stopped, the counter can be jammed with a write to 
the control register with Bit 7=1 (Jam), Bit5=1 (Start), and 
Bit2+ Bit 1+ Bit0) = 1. The Gate level must be true (match 
the value written in the control register) in modes 1, 2,4, and 
5; 


NOTE: The outputs are cleared. (TXO = 0 and TXO = 1) 
with a write to the control register with (Bit 2 + Bit 1 + Bit 0) = 
1. 


MODE DESCRIPTIONS 


BUS 7 


Mode 1: 


After the count is loaded into the jam register and the 
control register is written to with the jam-enable bit high, 
TXO goes high and TXO goes low. The input clock 
decrements the counter. When it reaches zero, TXO goes 
low and TXO goes high, and if enabled, the interrupt output 


Control Register Gate Control 


Ba fa ot aS Oa 


Selectable 
High or Low Level 
Enables Operation 


BUS 0 


is set low. When the control is decremented to OOH, the 
outputs (TAO and TAO) will change logic level, the next 
clock will set the counter to FFFFH. Additional clocks are 
ignored. 
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COUNTER VALUE 5 4 3 2 


CLOCK es a Wale deel Ea a te Iie a. 
WR 
CONTROL \ b 
REGISTER 14 
GATE 
Pe ee ig eT ee Se ee 
TXO P | | 
INT » 
LOAD COUNT=5 


92CM- 34628RI 


Fig. 2 - Timeout (mode 1) timing waveforms. 


a ae Control Register Gate Control 


Selectable 


Timeout Strobe Px] x|x]x]x]o]1}o High or Low Level 
Enables Operation 


BUS 7 BUS 0 


Mode 2: 


Operation of this mode is the same as mode 1, except the return to the condition of TXO high and TXO low. 
outputs will change for one clock period only and then 


CLOCK 


WR 
CONTROL " 
REGISTER 


GATE 


TXO 


LOAD COUNT =3 
92CM- 35999RI 


Fig. 3 - Timeout strobe (mode 2) timing waveforms. 
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Control Register Gate Control 


Selectable 


Operation 


Positive or Negative 
Gate Controlled One Shot Fox |x| x] x} of 1] 4| rs Going Edge Initiates 


BUS 7 BUS 0 


Mode 3: 


After the jam register is loaded with the required value, the retriggerable: While the counter is decrementing, a gate 
gate edge will initiate this mode. TXO will be set high, and edge or write to the control register with the jam-enable bit 
TXO will be set low. The clock will decrement the counter. high, will load the counter with the jam register value and 
When zero isreached, T XO will golow and TXO will be high, restart the one-shot operation. The jam register value 
and the interrupt output will be set low. The counter is cannot be changed for proper retriggering prior to timeout. 


COUNTER VALUE 3 2 l re) fe) 3 2 l 
CLOCK oP ee eee ee te ae I 
WR 
CONTROL 4 A 
REGISTER 
GATE 
| a ee ee rem | 
TXO ¢ 
INT 1 LOAD COUNT= 3 


92CM-34630RI 


Fig. 4 - Gate controlled one-shot (mode 3) timing waveforms. 


Note: 4, the gate signal must be set to the opposite level that will 
In order to avoid unwanted starts when selecting mode 3 or be programmed. 


Ee 2 ode Control Register Gate Control 
Selectable 
| x] x} xd xx] 1} 0} 0) 


High or Low Level 
BUS 7 BUS 0 


Rate Generator 
Enables Operation 


modes: time between pulses equal to the counter’s value, (trailing 
A repetitive clock-wide output pulse will be output, with the edge to leading edge). 

COUNTER VALUE 3 2 | O 3 2] | e) 3 2 | 
abide deck ode Wee eh tel ee ey lt ea Ueesy) gitet aL 
WR 

CONTROL 4 
REGISTER vA 
GATE | 

TXO —_— p 
INT 


LOAD COUNT = 3 
92CM- 3463iRI 


Fig. 5 - Rate generators (mode 4) timing waveforms. 
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Variable Duty Cycle 


BUS 7 
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| Mode Control Register Gate Control 
BREEROGE 


Selectable 
High or Low Level 
Enables Operation 
BUS 0 


Mode 5: 


After the mode is initiated, the outputs will remain at one 
level until the clock decrements the least significant byte of 
the counter to N+1. The outputs will then change level and 
the counter decrements the most significant byte to N+1. 
The process will then repeat, resulting ina repetitive output 


COUNTER VALUE 2 | O 


with a duty cycle directly controlled by the value in the 
counter. The output period will be equal to LSB+MSB+2. 


The interrupt output will become active after the MSB is 
loaded into the counter and decrements to zero. 


| 0 2 | 0 | 0 


WR } f 
CONTROL 
REGISTER aa oe 
GATE 
ae Sees goer 
TXO ? LSB 
INT 


LOAD COUNT LSB =2 AND MSB=I 


MSB LSB 


92CM-34632RI 


Fig. 6 - Variable-duty cycle (mode 5) timing waveforms. 


Setting the Control Register 


The following will illustrate a counter write and subsequent 
reads that places stable, accurate values on the data bus 
from the counter-timer. 


The counter is addressed and the required values are 
loaded into the jam register with two write operations. The 
control register is addressed next and loaded with B9H. 


BUS 7 BUS 0 


ae ee | 
if Control Register=B9H 


Load counter with | 


var register Mode 1 selected 


Positive gate enabling 
Holding register continuously required 
updated by counter 


Interrupt output enabled 


Counter start 


The counter will now decrement with each input clock 
pulse. Assuming the counter has not decremented to zero 
and its value is to be read without affecting the counter’s 
operation, a write to the control register is performed. 78H is 
loaded into the control register. 


BUS 7 BUS 0 


Polsds{s{sfefefe 
HS 
| t Control register=-78H 


Counter value Unchanged 


unaffected Counter outputs unaffected 


Freeze holding register 


The counter is addressed and read operations are 
performed. 
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Function Pin Definition 


DB7-DBO — 8 bit bidirectional bus used to transfer binary 
information between the microprocessor and the dual 
counter-timer. 


AS — Address Strobe, the addresses on Pins AO, A1, and A2 


Mode — Controls data transfer to and from counter-timer. 
The level on this pin determines the operation of the RD/RD 
and DS/WR signals. 


RD/RD and DS/WR — A low level on the mode pin places 
the device in mode = 0. This mode is used when an 8085 type 
processor is interfaced to the counter-timer. Active low 
signals enable the pin functions. The device is written to 
when DS/WR is low. Data is latched on the trailing edge 
low to high transition); RD/RD must be high. Read 
operations occur when RD/RD is low; DS/WR must remain 
high. 


- 


A high level on the mode select pin places the device in 
mode = 1. This mode selects the CDP6805 processor 
interface. Write cycles are performed when DS/WR is high 
and data is latched on the trailing edge of the signal (high to 
low transition); RD/RD must be low. Read operations occur 
when DS/WR is high; RD/RD must be high. 


Note: Ali read and write cycles require that a valid address 
was latched and CS is high. 


TACL, TBCL — Clocks used to decrement the counter. 
TAG, TBG — Gate inputs used to control counter. 
TAO, TAO — Complemented outputs of Timer A. 
TBO, TBO — Complemented outputs of Timer B. 


INT — Common interrupt output. Active when counter 
decrements to zero. 


RESET — Active low signal that resets counter outputs 
(TAO, TBO low, TAO, TBO high). The interrupt output is set 
high and the status register is cleared. 


CS — Chip Select, an active high signal that enables the 
device. It is not latched. 


BUS TIMING (Vpp = 5 Vdc + 10%, Vss = 0 Vdc, TA = 0° to 70°C unless otherwise noted), see Figs. 8 and 10. 


IDENTIFIER NO. 


Cycle Time 


Clock Rise and Fall Time 

R/W Hold Time 

R/W Setup Time Before DS/WR 
Chip Select to Valid Read Data 
Chip Select Hold Time 

Read Data Hold Time 

Write Data Hold Time 


Muxed Address Hold Time 
Pulse Width AS/ALE High 


DS/WR or RD 


Peripheral Data Setup Time 


CHARACTERISTIC 


Pulse Width DS/WR or RD/RD Low 


Muxed Address Valid Time to AS/ALE Fall 


Delay Time AS/ALE to DS/WR Rise 


Peripheral Output Data Delay Time From 
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COP6805 COP6848 


92CS-36000 


Fig. 7 - Typical CDP6805 system using the CDP6848. 
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Fig. 8 - Bus timing waveforms. 
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MODE 
CDP6848 


9208-36003 


Fig. 9 - Typical 8085 system using the CDP6848. 


AS 


RD/RD 


Ds/ WR 


r+—(5) 
(Y YX) ‘a ) oXX v7 
“ey Wa Wn KON a RX 


0BO-DB7 ADDRESS VY WRITE DATA \ 
AO,AI,A2 ( ALID /\ /N. VALID 
READ CYCLE WRITE CYCLE 


92CM- 36003 


Fig. 10- Bus timing waveforms. 
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TYPICAL OPERATIONAL EXAMPLES 
Example 1 Mode 1 (Time-out) 


Conditions: A. External Gate Pin = 0 
B. Interrupt Enabled (Bit 4 = 1) 


Operation: Value of 0002H Is written into Jam Register. Jam 
Register value is placed into counter. Input clocks 
then decrement counter to 0. 


COUNTER VALUE 02 Ol 00 FFFF FFFF 
CLOCK 


WRITE TO 
CONTROL 
REGISTER 


® @ 


TXO CQ) | | 


92CM~ 36456 
a) Power ON/RESET. 
Jam Register |s written MSB = 00}, LSB = 02}. 
(2) Load Control Register with B1}y to Jam and Start. 
@) Clock Initializes counter and sets outputs. 
(4) Counter undertiows two clocks later. TXO and INT (not shown) are set low. 
TXO (not shown) is set high. 
Fig. 11 - Timeout (mode 1) timing waveforms. 
Example 2 Mode 1 (Time-out) 
Conditions: A. External Gate Pin = 0 
B. Interrupt Enabled (Bit 4 = 1) 
Operation: Counter value is changed before It underflows. 
COUNTER VALUE 5000 4FFF 4FFE 4FFO 4FFO 02 Ol 00 FFFF 
WRITE TO 
CONTROL @) @) ©) 
REGISTER 
TXO | | | © 


Jam Register is written MSB = 50}, LSB = 00}. 92CM~- 36457 


Load Control Register with B14 to Jam and Start. 
Jam Register Is written MSB = 00}, LSB = 02}. 


‘ Load Control Register with 31}, to Stop. 


Load Control Register with B1}4 to Jam and Start. 


Counter underflows, outputs change logic levels, iNT is set low. 


OROCIOTOIONS, 


Fig. 12 - Timeout (mode 1) timing waveforms. 
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TYPICAL OPERATION EXAMPLES (Cont'd) 
Example 3 Mode 2 (Time-out Strobe) 
Conditions: A. External Gate Pin = 1 
B. Interrupt Disabled (Bit 4 = 0) 


Operation: Before counter underflows, it is stopped and 
restarted without changing its value. 


COUNTER VALUE , 05 04 03 02 02 02 Ol oO 02 02 
wey: Me ae ee Le Le de 
WRITE TO 
CONTROL 
REGISTER ® ® @ 
TXO | | | 
92CM-36458 


Load Control Register with AAy. 


Load Control Register with 28}. 


© 
@ 
(3) Load Control Register with 08}. Start/Stop Bit 5 = 0. 
@ 
© 


Counter underflows and returns high on next clock. 


Fig. 13 - Timeout strobe (mode 2) timing waveforms. 


Example 4 Mode 2 (Time-out Strobe) 


Conditlons: A. External Gate Pin = 1 
B. Interrupt Disabled (Bit 4 = 0) 


Operation: Counter is stopped and a new Jam Register value 
Is placed in counter before it underflows. 


COUNTER VALUE 08 07 06 06 06 06 06 06 06 4402 440! 


Jam Register is written MSB = 00}4, LSB = 08}, 92CM~ 36489 


Load Control Register with AA. 
Load Control Register with 084. Counter Is stopped. 
Jam Register is loaded MSB = 441), LSB = 02y, 


Load Control Register with 2A}4 to Stop. 


© 
@ 
@ 
@ 
© 
© 


Load Control Register with AAq. Counter Is Enabled to Jam and Start. 


Fig. 14 - Timeout strobe (mode 2) timing waveforms. 
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TYPICAL OPERATION EXAMPLES (Cont’d) 
Example 5 Mode 3 (Gate-Controlled One-Shot) 


Conditions: A. External Gate Pin = 0 
B. Interrupt Enabled (Bit 4 = 1) 


Operation: Counter is retriggered 


COUNTER VALUE 2A04,, 2A03,, 2A02,, 2A0l, 2A04,, 2A03,, 2A02,, 2A0i, 


CLOCK 


WRITE TO 
CONTROL 
REGISTER 


GATE PIN C) | | | | 
TXO | 
92CM- 36460 


Jam Register is written MSB = 2A, LSB = 0444. 
Load Control Register 3B}. 
Positive Gate edge places Jam Register value into counter. 


Next Gate edge places Jam Register value into counter. 


OOOO 


Fig. 15 - Gate controlled one-shot (mode 3) timing waveforms. 
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Features: 
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7 
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and transmitter 


TOP VIEW 
92CS-37023 


TERMINAL ASSIGNMENT 


a Program reset 


The RCA-CDP6853 Asynchronous Communications Inter- 
face Adapter (ACIA) provides an easily implemented, 
program controlled interface between 8-bit microprocessor- 
based systems and serial communication data sets and 
modems. 


The CDP6853 has an internal baud rate generator. This 
feature eliminates the need for multiple component support 
circuits, a crystal being the only other part required. The 
Transmitter baud rate can be selected under program 
control to be either 1 of 15 different rates from 50 to 19,200 
baud, or at 1/16 times an external clock rate. The Receiver 
baud rate may be selected under program control to be 
either the Transmitter rate, or at 1/16 times the external 
clock rate. The CDP6853 has programmable word lengths 
of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 1%, or 2 stop 
bits. 


The CDP6853 is designed for maximum programmed control 
from the CPU, to simplify hardware implementation. Three 
separate registers permit the CPU to easily select the 
CDP6853 operating modes and data checking parameters 
and determine operational status. 


The Command Register controls parity, receiver echo 
mode, transmitter interrupt control, the state of the RTS 
line, receiver interrupt control, and the state of the DTR line. 
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Product Preview . 


CMOS Asynchronous Communications 
Interface Adapter (ACIA) with MOTEL Bus 


= Compatible with 8-bit microprocessors 
= Multiplexed Address/Data Bus (MOTEL Bus) 
# Full duplex operation with buffered receiver 


ws Data set/modem control functions 

= /nternal baud rate generator with 15 
programmable baud rates (50 to 19,200) 

= Program-selectable internally or externally 
controlled receiver rate 

= Programmable word lengths, number of stop bits, 
and parity bit generation and detection 

= Programmable interrupt control 


= Program-selectable serial echo mode 
= Twochip selects 

= One chip enable 

# 28-pin plastic or ceramic (DIP or DIC) 
w Full TTL compatibility 


The Control Register controls the number of stop bits, word 
length, receiver clock source and baud rate. 


The Status Register indicates the states of the TRQ, DSR, 


and DCD lines, Transmitter and Receiver Data Registers, 
and Overrun, Framing and Parity Error conditions. 


The Transmitter and Receiver Data Registers are used for 
temporary data storage by the CDP6853 Transmit and 
Receiver circuits. 


The MOTEL Bus allows interfacing to 6805 and 8085 type 
multiplexed address data bus. 


The CDP6853 is supplied in 28-lead, hermetic, dual-in-line 
side-brazed ceramic (D suffix) and in 28-lead, dual-in-line 
plastic (E suffix) packages. 


File Number 1487 


CMOS Peripherals _. 549 


CDP6853 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss terminal) ......... ccc cece cece cece eee eeeeeeeecs Oe ee er re ee ee ee ee -0.5to +7 V 
INPUT VOLTAGE RANGE. ALG INPUTS aiccs cicos dence Geaaeee Hib oui de Veer eae 6 URN Ew esis Caw Dae RR ENO aw se de ees -0.5 to Von +0.5 V 
DC INPUT CURRENT,;-ANY ONE INPUT « fcc cisccs asvent cence os voice etieb ec ood ev egaeWs oee epea0 ee ww RODE Sew eee Spee NaS +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta==40 to’ +60° C (PACKAGE TYPE E).c0 ic vice tors sag Seecsutavesdda weed eke obec eel Cagis eavewe ie ind eede le eeasGe 500 mW 

For Tk=*60 to +85°C (PACKAGE TYPE E) scccdscevewteedeaes tebe pie eee his wen ota es ise es Derate Linearly at 8 mW/°C to 300 mW 

For Ta=-85 to:#100° C (PACKAGE TYPE D)inesos senha terouiess itive tv bet heh geared tee ea hiaead evened wal al havens weed wee 500 mW 

For Ta=+100 to 125°C (PACKAGE TYPE D)...... ccc ec cnccccccreccensscevcssesensssceseens Derate Linearly at 8 mW/°C to 300 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package TypeS) .......ccceeecccesec cere cree vere e ree eneeeeeeeenns 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D) sii ice ed Sire es aie bah Wee e i Wo 555 46 sR va aaa ed oases ANU W Rae CETL eea ed TON See ew eae -§5 to +125°C 

PACKAGE TYPEE ..............46. Ria el belies 5 PRA ES ee ETS Nee ASMA ON Sa GSC oh aaa ee wanes a ak hart teats -40 to +85°C 
STORAGE-TEMPERATURE RANGE (Teg) s2iccvciak tyds ican neared Wh meee ete nee WVaN end SEINE NGG T4 Dae Pee eee nets -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for10S max. ........ Pee N eee Te EET re Eee eee ee Te eee +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 0° to +70°C 
For maximum reliability, nominal operating conditions should be selected so that operation is always 
within the following ranges: 


CHARACTERISTIC 


CHARACTERISTIC 

Quiescent Device Current lop 

Output Low Current (Sinking): Vor = 0.4 V lou 
(DO-D7, TxD, RxC, RTS, OTR, IRQ) 

Output High Current (Sourcing): Von = 4.6 V low 
(DO-D7, TxD, RxC, RTS, DTR) 

Output Low Voltage: ILoan = 1.6 mA Vor 
(DO-D7, TxD, RxC, RTS, DTR, IRQ) 

Output High Voltage: ILoan = -100 wA Vou 
(DO-D7, TxD, RxC, RTS, DTR) 

Input Low Voltage Vie 

Input High Voltage Vin 


(Except XTLI and XTLO) 
(XTLI and XTLO) 

Input Leakage Current: Vin=0to5V lin 
(R/W, RES, CSO, CS1, CE, DS, AS, CTS, RxD, DCD, DSR) 

Input Leakage Current for High Impedance State (Three State) Its) 


Output Leakage Current (off state): Vour = 5 V (IRQ) | lorr 
Input Capacitance (except XTLI and XTLO) Cin 
Output Capacitance Cour 
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CDP6853 INTERFACE REQUIREMENTS 


This section describes the interface requirements for the 
CDP6853 ACIA. Fig. 1 is the Interface Diagram and the 
Terminal Diagram shows the pin-out configuration for the 
CDP6853. 


TRANSMIT 
D2-D7 
oar CONTROL 
TRANSMIT 
DATA & 
SHIFT 
REGISTERS 


STATUS 
REGISTER 


BAUD 
RATE 
GENERATOR 


TxD 


IRQ 


R/W 
cso 
CS 


TIMING 
& CONTROL 
LOGIC 


RECEIVE 
DATA & 
SHIFT 

REGISTERS 


RECEIVE 
CONTROL 
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RxD 


Fig. 1 - CDP6853 interface diagram. 


MICROPROCESSOR INTERFACE 
SIGNAL DESCRIPTION 


RES (Reset) (4) 


During system initialization a low on the RES input will 
cause a hardware reset to occur. The Command Register 
and the Control Register will be cleared. The Status 
Register will be cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are 
externally controlled by the DSR and DCD lines, and the 
transmitter Empty bit, which will be set. 


R/W (Read/Write) (1) 


The MOTEL circuit treats the R/W pin in one of two ways. 
When a 6805 type processor is connected, R/W is a level 
which indicates whether the current cycle is a read or write. 
Aread cycle is indicated with a high level on R/W while DS is 
high, whereas a write cycle is a low on R/W during DS. 


The second interpretation of R/W is as a negative write 
pulse, WR, MEMW, and I/OW from competitor type pro- 
cessors. The MOTEL circuit in this mode gives R/W pin the 
same meaning as the write (W) pulse on many generic 
RAMs. 


TRQ (Interrupt Request) (26) 


The IRQ pinis an interrupt output from the interrupt control 
logic. Itis an open drain output, permitting several devices 
to be connected to the commonTRQ microprocessor input. 
Normally a high level, TRG goes low when an interrupt 
occurs. 
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D2-D7 (Data Bus) (20-25) 


The D2-D7 pins are the eight data lines used to transfer data 
between the processor and the CDP6853. These lines are 
bi-directional and are normally high-impedance except 
during Read cycles when the CDP6853 is selected. 


CE, CSO, CS1 (Chip Selects) (2,3,13) 


The two chip select and the one chip enable inputs are 
normally connected to the processor address lines either 
directly or through decoders. The CDP6853 is selected 
when CS0 is high, CS1 is low, and CE is high. 


ADO, AD1 (Multiplexed Bidirectional Address/Data Bits) 
(18,19) 


Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address- 
then-data multiplexing does not slow the access time of the 
CDP6853 since the bus reversal from address to data is 
occurring during the internal RAM access time. 


The address must be valid just prior to the fall of AS/ALE at 
which time the CDP6853 latches the address from ADO to 
AD1. Valid write data must be presented and held stable 
during the latter portion of the DS or WR pulses. In a read 
cycle, the CDP6853 outputs 8 bits of data during the latter 
portion of the DS or RD pulses, then ceases driving the bus 
(returns the output drivers to three-state) when DS falls in 
this case of MOTEL or RD rises in the other case. The 
following table shows internal register select coding: 


TABLE I 


| Write | Read 
Transmit Data Receiver Data 
Register Register 
Status Register 


Command Register 


1 Control Register 


| AD1 | ADO _ 
1 Programmed Reset 
(Data is “Don’t 
ee Ae 
aa aes Fa 


Only the Command and Control registers are read/write. 
The programmed Reset operation does not cause any data 
transfer, but is used to clear bits 4 through 0 in the 
Command register and bit 2 in the Status register. The 
Control Register is unchanged by a Programmed Reset. It 
should be noted that the Programmed Reset is slightly 
different from the Hardware Reset (RES); these differences 
are shown in Figs. 4, 5, and 6. 


ACIA/MODEM INTERFACE 
SIGNAL DESCRIPTION 


XTLI, XTLO (Crystal Pins) (6,7) 


These pins are normally directly connected to the external 
crystal (1.8432 MHz) used to derive the various baud rates 
(see “Generation of Non-Standard Baud Rates”). Alter- 
natively, an externally generated clock may be used to drive 
the XTLI pin, in which case the XTLO pin must float. XTLIis 
the input pin for the transmit clock. 


TxD (Transmit Data) (10) 


The TxD output line is used to transfer serial NRZ 
(nonreturn-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first data 
bit transmitted and the rate of data transmission is 
determined by the baud rate selected or under control of an 
external clock. This selection is made by programming the 
Control Register. 
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CDP6853 INTERFACE REQUIREMENTS (Cont'd) 


RxD (Receive Data) (12) 


The RxD input line is used to transfer serial NRZ data into 
the ACIA from the modem, LSB first. The receiver data rate 
is either the programmed baud rate or under the control of 
an externally generated receiver clock. The selection is 
made by programming the Control Register. 


RxC (Receive Clock) (5) 


The RxC is a bi-directional pin which serves as either the 
receiver 16x clock input or the receiver 16x clock output. 
The latter mode results if the internal baud rate generator is 
selected for receiver data clocking. 


RTS (Request to Send) (8) 


The RTS output pin is used to control the modem from the 
processor. The state of the RTS pin is determined by the 
contents of the Command Register. 


‘CTS (Clear to Send) (9) 


The CTS input pin is used to control the transmitter 
operation. The enable state is with CTS low. The transmitter 
is automatically disabled if CTS is high. 


DTR (Data Terminal Ready) (11) 


This output pin is used to indicate the status of the CDP6853 
to the modem. A low on DTR indicates the CDP6853 is 
enabled, a high indicates it is disabled. The processor 
controls this pin via bit 0 of the Command Register. 


‘DSR (Data Set Ready) (17) 


The DSR input pin is used to indicate to the CDP6853 the 
status of the modem. A low indicates the “ready” stateanda 
high, “not-ready”. 


DCD (Data Carrier Detect) (16) 


The DCD input pin is used to indicate to the CDP6853 the 
status of the carrier-detect output of the modem. A low 
indicates that the modem carrier signal is present and a 
high, that it is not. 


DS (Data Strobe or Read) (27) 


The DS pin has two interpretations via the MOTEL circuit. 
When emanating from a 6800 type processor, DS is a 
positive pulse during the latter portion of the bus cycle, and 
is variously called DS (data strobe), E (enable), and $2 (2 
clock). During read cycles, DS signifies the time that the 
ACIA is to drive the bidirectional bus. In write cycles, the 
trailing edge of DS causes the ACIA to latch the written 
data. 


6800 8085 


FAMILY TYPE FAMILY TYPE CDP6853 


MPU SIGNALS MPU SIGNALS PIN SIGNALS 
AS ALE AS 
DS, E, or 02 RD ps 
R/W Wr A/W 


The second MOTEL interpretation of DS is that of RD, 


MEMR, or I/OR emanating from an 8085 type processor. In 


this case, DS identifies the time period when the real-time 
clock plus RAM drives the bus with read data. This 
interpretation of DS is also the same as an output-enable 
signal on a typical memory. 


The MOTEL circuit, within the CDP6853 latches the state of 
the DS pin on the falling edge of AS/ALE. When the 6800 
mode of MOTEL is desired DS must be low during AS/ALE, 
which is the case with the CDP6805 family of multiplexed 
bus processors. To insure the 8085 mode of MOTEL, the DS 
pin must remain high during the time AS/ALE is high. 


AS (Multiplexed Address Strobe) (15) 


Apositive-going multiplexed address strobe pulse serves to 
demultiplex ADO and AD1. The falling edge of AS or ALE 
causes the address to be latched within the CDP6853. The 
automatic MOTEL circuitry in the CDP6853 also latches the 
state of the DS pin with the falling edge of AS or ALE. 


MOTEL 


The MOTEL circuit is a new concept that permits the 
CDP6853 to be directly interfaced with many types of 
microprocessors. No external logic is needed to adapt to 
the differences in bus control signals from common 
multiplexed bus microprocessors. 


Practically all microprocessors interface with one of two 
synchronous bus structures. 


The MOTEL circuit is built into peripheral and memory ICs 
to permit direct connection to either type of bus. An 
industry-standard bus structure is now available. The 
MOTEL concept is shown logically in Fig. 2. 


MOTEL selects one of two interpretations of two pins. In the 
6805 case, DS and R/W are gated together to produce the 
internal read enable. The internal write enable is a similar 
gating of the inverse of R/W. With 8085 Family buses, the 
inversion of RD and WR create functionally identical internal 
read and write enable signals. 


The CDP6853 automatically selects the processor type by 
using AS/ALE to latch the state of the DS/RD pin. Since DS 
is always low and RD is always highduring AS and ALE, the 
latch automatically indicates which processor type is 
connected. 


8085 
FAMILY BUS INTERNAL 
SIGNALS 


READ ENABLE 


WRITE ENABLE 


820M-37026 


Fig. 2 - Functional diagram of MOTEL circult. 
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CDP6853 INTERNAL ORGANIZATION 


This section provides a functional description of the 
CDP6853. A block diagram of the CDP6853 is presented in 
Fig. 3. 


_| TRANSMIT 
CONTROL 


CTS 
DATA aa eS TRANSMIT 
D2-D7 TRANSMIT 
ADO, AD1 — BUS Le DATA SHIFT TxD 
BUFFER REGISTER REGISTER 
7 ° 
ino INTERRUPT , fad STATUS DCD 
LoGic E man, 
ene . | we) eeeren DSR 
N 
A 
L 
R/W B RxC 
- £  epnrnas RATE xT 
A ‘ GENERATOR iG 
si 0 B 
CONTROL U 
s 
CE ee 
ay COMMAND iid 
REGISTER ies 
RTS 
ee TIMIN EE RECEIVE RECEIVE 
RES . DATA od SHIFT RxD 
RECEIVE : 
92CM-37026 
Fig. 3 - Internal organization. 
DATA BUS BUFFERS Bus Buffer, and the microprocessor data bus, and the 


The Data Bus Buffer interfaces the system data lines to the 
internal data_bus. The Data Bus Buffer is bi-directional. 
When the R/W line is high and the chip is selected, the Data 
Bus Buffer passes the data to the system data lines from the 
CDP6853 internal data bus. When the R/W line is low and 
the chip is selected, the Data Bus Buffer writes the data from 
the system data bus to the internal data bus. 


INTERRUPT LOGIC 


The Interrupt Logic will cause the IRQ line to the micro- 
processor to go low when conditions are met that require 
the attention of the microprocessor. The conditions which 
can cause an interrupt will set bit 7 and the appropriate bit of 
bits 3 through 6 in the Status Register if enabled. Bits 5and6 
correspond to the Data Carrier Detect (DCD) logic and the 
Data Set Ready (DSR) logic. Bits 3 and 4 correspond to the 
Receiver Data Register full and the Transmitter Data Register 
empty conditions. These conditions can cause an interrupt 
request if enabled by the Command Register. 


1/0 CONTROL 

The I/O Control Logic controls the selection of internal 
registers in preparation for a data transfer on the internal 
data bus and the direction of the transfer to or from the 
register. 

The registers are selected by the Register Select and Chip 
Select and Read/Write lines as described in Table I, 
previously. 

TIMING AND CONTROL 


The Timing and Control logic controls the timing of data 
transfers on the internal data bus and the registers, the Data 


hardware reset features. 


Timing is controlled by the system $2 clock input. The chip 
will perform data transfers to or from the microcomputer 
data bus during the @2 high period when selected. 


All registers will be initialized by the Timing and Control 
Logic when the Reset (RES) line goes low. See the individual 
register description for the state of the registers following a 
hardware reset. 


TRANSMITTER AND RECEIVER 
DATA REGISTERS 


These registers are used as temporary data storage for the 
CDP6853 Transmit and Receive Circuits. Both the Trans- 
mitter and Receiver are selected by a Register Select 0 
(RSO) and Register Select 1 (RS1) low condition. The 
Read/Write line determines which actually uses the internal 
data bus; the Transmitter Data Register is write only and the 
Receiver Data Register is read only. 


Bit 0 is the first bit to be transmitted from the Transmitter 
Data Register (least significant bit first). The higher order 
bits follow in order. Unused bits in this register are “don't 
care”. 


The Receiver Data Register holds the first received data bit 
in bit 0 (least significant bit first). Unused high-order bits 
are “0”. Parity bits are not contained in the Receiver Data 
Register. They are stripped off after being used for parity 
checking. 


STATUS REGISTER 


Fig. 4 indicates the format of the CDP6853 Status Register. 
A description of each status bit follows. 


rit 
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PARITY ERROR* 
O- NO PARITY ERROR 
1- PARITY ERROR DETECTED 


FRAMING ERROR* 
0 - NO FRAMING ERROR 
1 - FRAMING ERROR DETECTED 


OVERRUN* 
0- NO OVERRUN 
1 - OVERRUN HAS OCCURRED 


RECEIVER DATA REGISTER FULL 
O- NOT FULL 
1- FULL 


TRANSMITTER DATA REGISTER EMPTY 
O- NOT EMPTY 
1- EMPTY 


DATA CARRIER DETECT (DCD) 
0 - DCD LOW (DETECT) 
1 - BCB HIGH (NOT DETECTED) 


DATA SET READY (DSR) 
o- OB LOW (READY) 
1 - DSR HIGH (NOT READY) 


INTERRUPT (IRQ) 
0- NO INTERRUPT 
1- INTERRUPT HAS OCCURRED 


*NO INTERRUPTS OCCURS FOR 
786543210 THESE CONDITIONS 


[o|-1-11]0[0] 0/0] HARDWARE RESET 
|— [—|=|[—[= ]0 [= [=| PROGRAM RESET 


Fig. 4 - Status register format. 
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Receiver Data Register Full (Bit 3) 


This bit goes toa “1” when the CDP6853 transfers data from 
the Receiver Shift Register to the Receiver Data Register, 
and goes to a “0” when the processor reads the Receiver 
Data Register. 


Transmitter Data Register Empty (Bit 4) 


This bit goes to a1” when the CDP6853 transfers data from 
the Transmitter Data Register to the Transmitter Shift 
Register, and goes to a “0” when the processor writes new 
data onto the Transmitter Data Register. 


Data Carrier Detect (Bit 5) and 
Data Set Ready (Bit 6) 


These bits reflect the levels of the DCD and DSR inputs to 
the CDP6853. A “0” indicates a low level (true condition) 
and a‘'1” indicates a high (false). Whenever either of these 
inputs change state, an immediate processor interrupt 
occurs, unless the CDP6853 is disabled (bit O of the 
Command Register is a “0”). When the interrupt occurs, the 
status bits will indicate the levels of the inputs immediately 
after the change of state occurred. Subsequent level 
changes will not affect the status bits until the Status 
Register is interrogated by the processor. At that time, 
another interrupt will immediately occur and the status bits 
will reflect the new input levels. 


Framing Error (Bit 1), Overrun (2), and 
Parity Error (Bit 0) 


None of these bits causes a processor interrupt to occur, 
but they are normally checked at the time the Receiver Data 
Register is read so that the validity of the data can be 
verified. 


Interrupt (Bit 7) 


This bit goes to a “0” when the Status Register has been 
read by the processor, and goes toa“1” whenever any kind 
of interrupt occurs. 
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CDP6551 INTERNAL ORGANIZATION (Cont'd) 


CONTROL REGISTER 


The Control Register selects the desired baud rate, fre- 
quency source, word length, and the number of stop bits. 


Selected Baud Rate (Bits 0,1,2,3) 


These bits, set by the processor, select the Transmitter 
baud rate, which can beat 1/16 an external clock rate or one 
of 15 other rates controlled by the internal baud rate 
generator as shown in Fig. 5. 


7 6 5 4 

ae 

[Wit | WLO | SBRi[SBRO| 
| fied eas) 


" SELECTED BAUD RATE (SBR) 


FX) 
= 
te] 


3 

0000 16X EXTERNAL CLOCK 
0001 50 BAUD! 
0010 75 BAUD 
0011 109.92 BAUD 
0100 134.58 BAUD 
0101 180 BAUD! 
0110 300 BAUD 
0111 600 BAUD 
1000 1200 BAUD 
1001 1800 BAUD 
1010 2400 BAUD 
1011 3600 BAUD 
1100 4800 BAUD 
1101 7200 BAUD 
1110 9600 BAUD 
1111 19200 BAUD 


RECEIVER CLOCK SOURCE (RCS) 


0 - EXTERNAL RECEIVER CLOCK 
1~ BAUD RATE, 


WORD LENGTH (WL) 


TOP BIT NUMBER (SBN) 


- 1 STOP BIT 
-~ 2 STOP BITS 
~ 1-1/2 STOP BITS | 

FOR WL=5 AND NO PARITY 
-1STOP BIT 

FOR WL=8 AND PARITY 


0 
0 
1 
1 
i) 
0 
1 
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Fig. 5 - CDP6853 control register. 


Receiver Clock Source (Bit 4) 


This bit controls the clock source to the Receiver. A “0” 
causes the Receiver to operate at a baud rate of 1/16 an 
external clock. A “1” causes the Receiver to operate at the 
same baud rate as is selected for the transmitter as shown in 
Fig. 5. 


Word Length (Bits 5,6) 


These bits determine the word length to be used (5,6, 7or8 
bits). Fig. 5 shows the configuration for each number of bits 
desired. 


Stop Bit Number (Bit 7) 


This bit determines the number of stop bits used. A “0” 
always indicates one stop bit. A “1” indicates 1% stop bits if 
the word length is 5 with no parity selected, 1 stop bit if the 
word length is 8 with parity selected, and 2 stop bits in all 
other configurations. 
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CDP6551 INTERNAL ORGANIZATION (Cont'd) 
COMMAND REGISTER Parity Mode Control (Bits 6,7) 
The Command Register controls specific modes and These bits determine the type of parity generated by the 
functions. Transmitter, (even, odd, mark or space) and the type of 
Data Terminal Ready (Bit 0) parity check done by the Receiver (even, odd, ornocheck). 


Fig. 6 shows the possible bit configurations for the Parity 
This bit enables all selected interrupts and controls the Mode Control bits. 


state of the Data Terminal Ready (DTR) line. AO” indicates 

the microcomputer system is not ready by setting the DTR TRANSMITTER AND RECEIVER 

line high. A “1” indicates the microcomputer system is Bits 0-3 of the Control Register select divisor used to 

ready by setting the DTR line low. generate the baud rate for the Transmitter. If the Receiver 
clock is to use the same baud rate as the transmitter, then 

mecelverinieruprcontrel(aen)) RxC becomes an output and can be used to slave other 


This bit disables the Receiver from generating aninterrupt —_ circuits to the CDP6853. Fig. 7 shows the transmitter and 
when set to a “1”. The Receiver interrupt is enabled when _ Receiver layout. 


this bit is set to a “O” and Bit 0 is set toa ‘“1”. 
Transmitter Interrupt Control (Bits 2,3) 


These bits control the state of the Ready to Send (RTS) line 
and the Transmitter interrupt. Fig. 6 shows the various 
configurations of the RTS line and Transmit Interrupt bit 


settings. 

Receiver Echo Mode (Bit 4) 

This bit enables the Receiver Echo Mode. Bits 2 and 3 must gant } 
also be zero. In the Receiver Echo Mode, the Transmitter BIT 4 
returns each transmission received by the Receiver delayed XTL1 


CLOCK 
DIVIDER 
16) 


BAUD RATE 


by % bit time. A “1” enables the Receiver Echo Mode. A “0” GENERATOR 


bit disables the mode. 
Parity Mode Enable (Bit 5) 


XTLO 


This bit enables parity bit generation and checking. A “O” Conrece TxD 
disables parity bit generation by the Transmitter and parity REGISTER 9208-3679! 
bit checking by the Receiver. A “1” bit enables generation 

and checking of parity bits. Fig. 7 - Transmitter receiver clock circuits. 


7 6 5 4 3 2 1 Oo 
L__ PMC 
paca] "| Freres 
aaa aaa = 
DATA TERMINAL READY (DTR) 


O- DATA TERMINAL NOT READY (DTR HIGH) 
1 - DATA TERMINAL READY (DTR LOW) 


RECEIVER INTERRUPT CONTROL ((RG) 
0- IRQ ENABLED 
1-TRG DISABLED 


TRANSMITTER INTERRUPT CONTROL (TIC) 


32 

0 O RTS - HIGH, TRANSMIT INTERRUPT DISABLED* 

0 1 RTS- LOW, TRANSMIT INTERRUPT ENABLE 

1 0 RTS - LOW, TRANSMIT INTERRUPT DISABLED 

1 1 RTS- LOW, TRANSMIT INTERRUPT DISABLED 
TRANSMIT BREAK ON. T x D 


RECEIVER ECHO MODE (REM) 
O- RECEIVER NORMAL MODE 
1 - RECEIVER ECHO MODE* 


PARITY MODE ENABLE (PME) 
0 - PARITY MODE DISABLED 
NO PARITY BIT GENERATED 
PARITY CHECK DISABLED 
1 - PARITY MODE ENABLED 
PARITY MODE CONTROL (PMC) 
76543210 0 6 ODD PARITY TRANSMITTED/RECEIVED 
pa © 1 EVEN PARITY TRANSMITTED/RECEIVED 
[o|ojo}ololo[o[o] HARDWARE RESET (RES) 1 O MARK PARITY BIT TRANSMITTED 
|- | -|-[0} [0] 0} 0] PROGRAM RESET PARITY CHECK DISABLED 
11 


SPACE PARITY BIT TRANSMITTED 
PARITY CHECK DISABLED 


“BITS 2 AND 3 MUST BE ZERO FOR RECEIVER ECHO MODE. RTS WILL BE LOW. 
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Fig. 6 - CDP6853 command register. 
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TRANSMITTER AND RECEIVER OPERATION 


Continuous Data Transmit (Fig. 8) the Status Register of the CDP6853, the interrupt is cleared. 
The processor must then identify that the Transmit Data 
Register is ready to be loaded and must then load it with the 
next data word. This must occur before the end of the Stop 
Bit, otherwise a continuous “MARK” will be transmitted. 


In the normal operating mode, the processor interrupt 
(IRQ) is used to signal when the CDP6853 is ready to accept 
the next data word to be transmitted. This interrupt occurs 
at the beginning of the Start Bit. When the processor reads 


CHAR #n CHAR #n+1 CHAR #n+2 CHAR #n+3 
Ey Lest] 2a EL] L [eJo] ele] | L Jefe] 
STA l 
! 
{ | 
| | ] 
iRQ | ll Il . ( 7 I] | 
PROCESSOR 
INTERRUPT -PR R MUST 
(TRANSMIT DATA EOE MEW. iri 
REGISTER EMPTY) IN THIS TIME 
INTERVAL; OTHERWISE, 
CONTINUOUS “MARK” 
IS TRANSMITTED 
PROCESSOR READS STATUS Pee onze 
REGISTER, CAUSES IRQ 
TO CLEAR 
Fig. 8 - Continuous data transmit. 
Continuous Data Receive (Fig. 9) data word. This occurs at about the 8/16 point through the 


Stop Bit. The processor must read the Status Register and 
Similar to the above case, the normal mode is to generate a read the data word before the next interrupt, otherwise the 
processor interrupt when the CDP6853 has received a full Overrun condition occurs. 


CHAR #n CHAR #n+1 CHAR #n+2 CHAR #n+3 


START START START START 
| | | | 
| | I \ 

iRO | | | | | | mas | | | | | | | | 
PROCESSOR MUST READ 
RECEIVER DATA IN THIS 
TIME INTERVAL; OTHERWISE, 
PROCESSOR OVERRUN OCCURS 


INTERRUPT OCCURS 
ABOUT 8/16 INTO 
LAST STOP BIT. 
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PARITY, OVERRUN, 
AND FRAMING ERROR 
UPDATED, ALSO 


PROCESSOR READS STATUS 


REGISTER, CAUSES IRQ 
TO CLEAR 


Fig. 9 - Continuous data receive. 
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Transmit Data Register Not Loaded 
By Processor (Fig. 10) 


If the processor is unable to load the Transmit Data Register 
in the allocated time, then the TxD line will go to the 


CHAR #n 


START 


CONTINUOUS “MARK” 


“MARK” condition until the data is loaded. When the 
processor finally loads new data, a Start Bit immediately 
occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. 


CHAR #n+1 CHAR #n+2 


ee SS SS Se 


STOP 7 STOP _ 7 STOP _ 
vo TL fle] [fey | ente} L_[ep er 
ae | - START 7 


START | 


Ss || eee a es | 
= 


WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 


OCCURS, INDICATING TRANSMIT 


PROCESSOR PROCESSOR 
INTERRUPT DOES NOT LOAD 
FOR DATA NEW DATA IN 
REGISTER TIME 
EMPTY 

PROCESSOR 

READS 

STATUS 

REGISTER 


DATA REGISTER EMPTY 
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Fig. 10 - Transmit data register not loaded by processor. 


Effect of CTS on Transmitter (Fig. 11) 


CTS is the Clear-to-Send Signal generated by the modem. 
It is normally low (True State) but may go high in the event 
of some modem problems. When this occurs, the TxD line 
immediately goes to the “MARK” condition. Interrupts 


CHAR #n CHAR #n+1 


continue at the same rate, but the Status Register does not 
indicate that the Transmit Data Register is empty. Since 
there is no status bit for CTS, the processor must deduce 
that CTS has_gone to the FALSE (high) state. This is 
covered later. CTS is a transmit control line only, and has no 
effect on the CDP6853 Receiver Operation. 


CONTINUOUS “MARK” 


CLEAR-TO-SEND 


Fig. 11 - Effect of CTS on transmitter. 


CHARACTER 
a TIME _ 


NOT CLEAR-TO-SEND 


CTS GOES HIGH. NEXT PROCESSOR READS 
INDICATING MODEM PROCESSOR STATUS REGISTER. 

IS NOT READY TO INTERRUPT SINCE DATA REGISTER 
RECEIVE DATA. Tx D ATNORMAL- !IS NOTEMPTY, PROCESSOR 
IMMEDIATELY GOES START BIT MUST DEDUCE THAT 

TO “MARK” CONDITION TIME CTS IS SOURCE OF 


INTERRUPT (THIS IS 
COVERED ELSEWHERE 
IN THIS NOTE). 
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Effect of Overrun on Receiver (Fig. 12) 


See for normal Receiver operation. If the processor does 
not read the Receiver Data Register in the allocated time, 
then, when the following interrupt occurs, the new data 


CHAR #n CHAR #n +1 


‘START 


x 
rs) 


DATA REGISTER 
FULL 


x 
re) 


REGISTER 


[-) 
PROCESSOR aaa ici rico 
INTERRUPT STATUS READ DATA 
FOR RECEIVER REGISTER REGISTER 


PROCESSOR DOES 
NOT READ STATUS 


word is not transferred to the Receiver Data Register, but 
the Overrun status bit is set. Thus, the Data Register will 
contain the last valid data word received and all following 
data is lost. 


CHAR #n+2 CHAR #n+3 


STOP _ STOP _ STOP . STOP Z 
exo | | [eofe] [ewfe] | [eofa] [ef] | [ofa] [exe] | [oo] =| 
7 | START ~ | START ‘ | START - 


TS BIT SET IN 


STATUS REGISTER 
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Fig. 12 - Effect of overrun on receiver. 


Echo Mode Timing (Fig. 13) 


In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by % of the bit time. 


TxD PJ]STOP sear] ao | 21 | 


| 
| 
; 7 DATA BIT DELAY 


WAN AA AVAL AANA 
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Fig. 13 - Echo mode timing. 
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Effect of CTS on Echo Mode Operation (Fig. 14) way as “Effect of CTS on Transmitter”. in this case, 


See “Effect of CTS on Transmitter” for the effect of CTS on however, the processor interrupts signify that the Receiver 
the Transmitter. Receiver operation is unaffected by CTS, Data Register is full, so the processor has no way of 
so, in Echo Mode, the Transmitter is affected in the same knowing that the Transmitter has ceased to echo. 


CHAR #n CHAR #n+1 CHAR #n+2 CHAR #n+3 
“Tok 
STOP : STOP _ STOP = STOP : 
exo J | [eof] [fe] | feof] fle} L fete] [te] | [ee] 
START 7 | START ~ | START | START ~ 
(RQ 
NOT-CLEAR-TO-SEND 
cTs 
STOP 7 STOP | 
ne jen} | | [eof eee} 
START a START ) 
CTS GOES TO 
“FALSE” CONDITION 
NORMAL 
RECEIVER DATA 
REGISTER FULL 
INTERRUPTS Sen SETSG 
Fig. 14 - Effect of CTS on echo mode. 
Overrun in Echo Mode (Fig. 15) For the re-transmitted data, when overrun occurs, the TxD 


line goes to the “MARK” condition until the first Start Bit 


rrun occurs in Echo Mode, the Receiver is affected the ; 
BONEN IOC Gare Nn E Che Mode ane recewel le after the Receiver Data Register is read by the processor. 


same way as described in “Effect of Overrun on Receiver’. 


CHAR #n CHAR #x CHAR #x +1 
NR YS 
STOP 7: STOP STOP 7 STOP _ 
exo] | [ole] [ete] | [ef] Texf e] | [efe] [ef e] | [ool 
START 7 START START ~ START . 


TxD P 
START 
PROCESSOR PROCESSOR FINALLY 
PROCESSOR DOES NOT READS RECEIVER 
INTERRUPT READ RECEIVER DATA REGISTER, TxD DATA 
FOR RECEIVER DATA REGISTER LAST VALID bad dsl 
DATA REGISTER CHARACTER (#n) 
Feet OVERRUN OCCURS PROCESSOR 
PROCESSOR pet daa FOR CHAR #x 
READS CONDITION IN RECEIVER 
STATUS DATA REGISTER 
REGISTER 
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Fig. 15 - Overrun in echo mode. 
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Framing Error (Fig. 16) 


Framing Error is caused by the absence of Stop Bit(s) on 
received data. The status bit is set when the processor 


interrupt occurs. Subsequent data words are tested for 
Framing Error separately, so the status bit will always 
reflect the last data word received. 


RxD 
eel | 


NOTES: 
1. FRAMING ERROR DOES NOT 
INHIBIT RECEIVER OPERATION. 
2. iF NEXT DATA WORD IS OK. 
FRAMING ERROR IS CLEARED. 


PROCESSOR 
MISSING INTERRUPT, 
STOP FRAMING 
BIT ERROR 
BIT SET 
92CM- 36789 


Fig. 16 - Framing error. 


Effect of DCD on Recelver (Fig. 17) 


DCD is a modem output used to indicate the status of the 
carrier-frequency-detection circuit of the modem. This line 
goes high for a loss of carrier. Normally, when this occurs, 
the modem will stop transmitting data (RxD on the CDP6853 
some time later. The CDP6853 will cause a processor 
interrupt whenever DCD changes state and will indicate this 


START 


condition via the Status Register. 


Once such achange of state occurs, subsequent transitions 
will not cause interrupts or changes in the Status Register 
until the first interrupt is serviced. When the Status Register 
is read by the processor, the CDP6853 automatically 
checks the level of the DCD line, and if it has changed, 
another interrupt occurs. 


CONTINUOUS “MARK” 


_ STOP STOP 2 STOP 
exoecleites] [exf>] | [eolefoo] FY L_ [=] | 
7 . START 7 


MODEM 
DELAY ri 


_ 
IRQ SS ee | | | 
| Les ka) 
AS LONG AS 
NORA as DCD IS HIGH. NO INTERRUPT 
NO FURTHER WILL OCCUR PROCESSOR 
INTERRUPT PROCESSOR INTERRUPTS = J ROGESSOR HERE, SINCE INTERRUPT 
INTERRUPT FORRECEIVER ror bap RECEIVER IS NOT FOR 
FOR DCD WILL OCCUR GOING Low. ENABLED UNTIL RECEIVER 
GOING HIGH FIRST START BIT DATA 
DETECTED 
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Fig. 17 - Effect of DCD on receiver. 
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Timing with 1'2 Stop Bits (Fig. 18) 


it is possible to select 12 Stop Bits, but this occurs only for 


CHAR#n 


5-bit data words with no parity bit. In this case, the 
processor interrupt for Receiver Data Register Full occurs 
in halfway through the trailing half-Stop Bit. 


CHAR #n+1 


PROCESSOR INTERRUPT 


OCCURS HALFWAY 
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THROUGHT THE 1/2 


STOP BIT 


Fig. 18 - Timing with 1-1/2 stop bits. 


Transmit Continuous “BREAK” (Fig. 19) 
This mode is selected via the CDP6853 Command Register 
and causes the Transmitter to send continuous “BREAK” 


characters after both the transmitter and transmitter-holding 
registers have been emptied. 


aN 


IRQ 


—— PERIOD DURING 


SELECTS 
CONTINUOUS 
INTERRUPT “BREAK” MODE 


WHICH PROCESSOR 


At least one full “BREAK” character will be transmitted, 
even if the processor quickly re-programs the Command 
Register transmit mode. Later, when the Command Register 
is programmed back to normal transmit mode, a Stop Bit 
will occur from one to fifteen clock periods at the next bit 
time. 


STOP 


START 


POINT AT be 
PROCESSOR 


SELECTS 


/ 


PROCESSOR 


stares INTERRUPT 
TO LOAD 
TRANSMIT TRANSMIT 
MODE DATA 
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Fig. 19 - Transmit continuous “BREAK”. 


Receive Continuous “BREAK” (Fig. 20) 


In the event the modem transmits continuous “BREAK’”’ 


CONTINUOUS “BREAK” 


PROCESSOR 
INTERRUPT PROCESSOR 
FOR INTERRUPT 
RECEIVER 
DATA REGISTER 


INTERRUPTS 


WITH FRAMING 
ERROR (PARITY 
FULL AND OVERRUN 
CHECKS NORMAL) 


characters, the CDP6853 will terminate receiving. Reception 
will resume only after a Stop Bit is encountered by the 
CDP6853. 


NO INTERRUPT NORMAL 
SINCE RECEIVER RECIEVER 
DISABLED UNTIL INTERRUPT 


FIRST STOP BIT 
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Fig. 20 - Receive continuous “BREAK”. 
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STATUS REGISTER OPERATION 


Because of the special functions of the various status bits, 
there is a suggested sequence for checking them. When an 
interrupt occurs, the CDP6853 should be interrogated, as 
follows: 


1. Read Status Register 
This operation automatically clears Bit 7 (IRQ). Sub- 


sequent transitions on DSR and DCD will cause another 
interrupt. 


2. Check IRQ Bit: 
If not set, interrupt source is not the CDP6853. 

3. Check DCD and DSR 
These must be compared to their previous levels, which 
must have been saved by the processor. If they are both 
“0” (modem “on-line”) and they are unchanged then 
the remaining bits must be checked. 

4. Check RDRF (Bit 3) 
Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) 
Only if Receiver Data Register is Full. 

6. Check TDRE (Bit 4) 
Check for Transmitter Data Register Empty. 


7. If none of the above, then CTS must have gone to the 
FALSE (high) state. 


PROGRAMMED RESET OPERATION 
A program reset occurs when the processor performs a 
write operation to the CDP6853 with ADO high and AD1 
low. The program reset operates somewhat different from 
the hardware reset (RES pin) and is described as follows: 
1. Internal registers are not completely cleared. The data 
sheet indicates the effect of a program reset on internal 
registers. 


2. The DTR line goes high immediately. 

3. Receiver and transmitter interrupts are disabled immed- 
iately. If IRQ is low when the reset occurs, it stays low 
until serviced, unless interrupt was caused by DCD or 
‘DSR transition. 

4. DCD and DSR interrupts disabled immediately. If TRO 
is low and was caused by DCD or DSR, then it goes 
high, also DCD and DSR status bits subsequently will 
follow the input lines, although no interrupt will occur. 

5. Overrun cleared, if set. 

MISCELLANEOUS NOTES ON OPERATION 
1. If Echo Mode is selected, RTS goes low. 
2. If Bit 0 of Command Register is “0” (disabled), then: 
a) Allinterrupts disabled, including those caused by 
DCD and DSR transitions. 
b) Receiver disabled, but a character currently being 
received will be completed first. 

3. Odd parity occurs when the sum ofall the “1” bits in the 
data word (including the parity bit) is odd. 

4. In the receive mode, the received parity bit does not go 
into the Receiver Data Register, but is used to generate 
parity error for the Status Register. 


5. Transmitter and Receiver may be in full operation 
simultaneously. This is “full-duplex” mode. 


6. If the RxD line inadvertently goes low and then high 
during the first 9 receiver clocks after a Stop Bit; will 
result in a false Start Bit. 


For false Start Bit detection, the CDP6853 does not 
begin to receive data, instead, only a true Start Bit 
initiates receiver operation. 


7. Precautions to consider with the crystal oscillator 
circuit: | 
The XTLI input may be used as an external clock 
input. The XTLO pin must be floating and may not 
be used for any other function. 


8. DCD and DSR transitions, although causing immediate 
processor interrupts, have no effect on transmitter 
operation. Data will continue to be sent, unless the 
processor forces transmitter to turn off. Since these are 
high-impedance inputs, they must not be permitted to 
float (un-connected). If unused, they must be terminated 
either to GND or Vpp. 


GENERATION OF NON-STANDARD BAUD RATES 
Divisors 


The internal counter/divider circuit selects the appropriate 
divisor for the crystal frequency by means of bits 0-3 of the 
CDP6853 Control Register. 


The divisors, then, are determined by bits 0-3 in the Control 
Register and their values are shown in Table II. 


Generating Other Baud Rates 


By using a different crystal, other baud rates may be 
generated. These can be determined by: 
Crystal Frequenc 
Baud Rate = wd aleaeeilcts taal 
Divisor 

Furthermore, it is possible to drive the CDP6853 with an 
off-chip oscillator to achieve the same thing. In this case, 
XTLI (pin 6) must be the clock input and XTLO (pin 7) must 
be a no-connect. 


DIAGNOSTIC LOOP-BACK OPERATING MODES 


A simplified block diagram for a system incorporating a 
CDP6853 ACIA is shown in Fig. 21. 


Occasionally it may be desirable to include in the system a 
facility for “loop-back” diagnostic testing, of which there 
are two kinds: 


1. Local Loop-Back 


Loop-back from the point of view of the processor. In 
this case, the Modem and Data Link must be effectively 
disconnected and the ACIA transmitter connected 
back to its own receiver, so that the processor can 
perform diagnostic checks on the system, excluding 
the actual data channel. 


2. Remote Loop-Back 


Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, itself, is discon- 
nected and all received data is immediately retrans- 
mitted, so the system on the other end of the Data Link 
may operate independent of the local system. 
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Table II - Divisor Selection for the CDP6853 


CONTROL DIVISOR SELECTED 
REGISTER FOR THE 


BAUD RATE GENERATED 
WITH 1.8432 MHz 


BAUD RATE GENERATED 
WITH A CRYSTAL 


INTERNAL COUNTER CRYSTAL OF FREQUENCY (F) 
No Divisor Selected 16 x External Clock at Pin R x C116 x External Clock at Pin Rx C 
36,864 36,864 _- 09 36,864 
24,576 24576. /9 24,576 
16,768 je 768 = 109.92 16,768 _ 
13,696 ———73 696 = + 134.58 13,696 _ 
12,288 ———75 988 = 150 12,288 _ 
6,144 6,144__~ 300 6,144 
3,072 3.072 ~ 800 3.072 
1,536 7536 = 1200 1,536 
1,024 Toa 
768 768 
or 
512 512 512 
384 384 = 4800 2 OBA 
192 799 = 9600 soo 
1.8432 x 10° F 
96 —— 35 = 19200 ages 


The CDP6853 does not contain automatic loop-back 
Operating modes, but they may be implemented with the 
addition of a small amount of external circuitry. 


Fig. 22 indicates the necessary logic to be used with the 
CDP6853. 


The LLB line is the positive-true signal to enable local loop- 
back operation. Essentially, LLB=high does the following: 


1. Disables outputs TxD, DTR, and RTS (to Modem). 
2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 
3. Connects transmitter outputs to respective receiver 
inputs: 
a) TxD to RxD 
TO DATA LINK b) DTRto DCD 
: c) RTSto CTS 
LLB may be tied to a peripheral control pin to provide 


processor control of local loop-back operation. In this way, 


| the processor can easily perform local loop-back diagnostic 
Fig. 21 ~ Simplified system diagram. testing. . 
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CDP6853 


RxD DCD CTS . DSR 


2A 


MODEM 
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HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE. 


2. HIGH ON CD74HC157 SELECT INPUT GATES “B” INPUTS 
TO “Y” OUTPUTS; LOW GATES “A” TO “Y”. 


Fig. 22 - Loop-back circuit schematic. 


Remote loop-back does not require this circuitry, so LLB 
must be set low. However, the processor must select the 
following: 


1. Control Register bit 4 must be “1”, so that the transmitter 
clock=receiver clock. 


2. Command Register bit 4 must be “1” to select Echo 
Mode. 


3. Command Register bits 3 and 2 must be “1” and “0”, 
respectively, to disable IRQ interrupt to transmitter. 


4. Command Register bit 1 must be “0” to disable IR 
interrupt for receiver. 


In this way, the system re-transmits received data without 
any effect on the local system. 


DCD AND DSR AS SWITCH SENSE INPUTS 


The CDP6853 (Asynchronous Communication Interface 
Adapter) has several special-purpose control pins. Among 
them are the input signals, DCD (Data Carrier Detect) and 
DSR (Data Set Ready). The normal functions of these pins 
are adequately described in the CDP6853 data sheet and 
are not covered here. However, it is possible to use these 
pins as switch sense inputs; that is, as input pins used to 
detect the state of switches or circuit jumpers in the system. 


An important requirement of the use of DCD and DSR as 
sense inputs is that they must not normally change state 
during system operation. If they do, and if the CDP6853 is 
enabled, then immediate processor interrupts will occur 
and normal operation will be interrupted. If, however, these 
pins are connected to switches or circuit-board jumper 
wires which do not change state during operation, then they 
can be sensed by the processor and may be used to select 
special operating modes. 


The circuit connections are quite simple and are outlined in 
Fig. 23. 


SWITCHES 
OR 


JUMPER 
WIRES 


Ne) - 


92CS-37033 


Fig. 23 - Circuit connections for DCD and DSR. 


Note that pull-up resistors are required, since DCD and 
DSR are high-impedance inputs on the CDP6853. 


In order to sense the state of the inputs, itis necessary to do 
the following: 


1. Disable the CDP6853 by setting bit 0 of the Command 
Register to a “0”. 


2. Read the CDP6853 Status Register. Bits 5 and 6 will 
then indicate the levels on DCD and DSR, respectively. 
A “0” is a low level and a “1” is a high. 


As long as the CDP6853 is disabled, the Status Register will 
reflect the levels on the pins and no interrupts will occur, 
even if the pins change state. However, if the CDP6853 is 
enabled, then changes of state of the DCD and DSR levels 
cause immediate interrupts and the Status Register indicates 
the levels taken on the interrupt. Subsequent level changes 
are not indicated by the Status Register until the interruptis 
serviced. Thus, it is not convenient to use DCD and DSR as 
general switching inputs, but they may easily be used as 
inputs which do not change regularly. 
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CHARACTERISTIC | ALLTYPES | 
Pt C[CycleTime ee ——“‘CSSC*Ciétteyes:—«C | 953 | Cs 
| 2 «| Pulse Width, DS/ELoworRD/WRHigh  ~PWex S| 3800 || SO S| ns 
[4 |ClockRiseandFalltime.—SSSCSC~C~S~S!CSCdTs SO SC] S| 
PB RWHoldTime  s—“‘CSCSC*‘téstwe | 0 es 
| 13] R/WSet-up Time BeforeDS/E Cites S| 15 | ts 
[14 | Chip Enable Set-up Time Before AS/ALEFall sts ~—S«| = S| SOY Ss 
[15 _[ChipEnableHoldTime—SC—~“‘*‘~*st:~SCSC*‘“ESC‘iNSNCSNS#SNNWU S Ss]; 
[18 ‘[ReadDataHoldTimeSSSSSS~*~SCsown ~—Ss«T=ST «| «SOOT 
[21 _|WriteDataHoldtimeSSSSCS~—stow SCT S| SC dT Ss 
[24 | Muxed Address Valid TimetoAS/ALEFall = tasu_~—S«d| =| S| Ss i 
[25 _|MuxedAddressHoldTime SS SSCSC~C~—‘i SSCdYS| SC CdS 
[26 | Delay Time DS/EtoAS/ALERise——SSSCS~=iéiasSSC*dS:=Ci‘i STS SCY 
[27 [Pulse Width, AS/ALEHigh SSW | =t00—=Sé| =O STs 
[28 | Delay Time, AS/ALEtoDS/ERise—=—=SSS~itse~SSCi«|=SC |S SCT 
30 Peripheral Output Data Delay Time reese 
From DS/E or RD toor 
Peripheral Data Set-up Time tosw | 2200 {| — | ns | 


Note: Designations E, ALE, RD and WR refer to signals from non-6805 type microprocessors. 
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e ® 
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ers ( LTEMKXXX 

rite ire 
=——_thh (— 


READ 


NOTE: VinigH * Vop ~2.0V, VLow #0.8V, FOR Vop 5.0V+ 10% 
Fig. 24 - Bus timing waveforms of CDP6853. 
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(ubbaeee aie cus rocae READ DATA 


VALID 


92CM- 3703I 


Fig. 25 - Bus-read timing waveforms of 8085 multiplexed bus. 


ALE(ADDRESS LATCH ENABLE) Lo 
~ ime 


RD (READ OUTPUT ENABLE) 
(DS PIN) 


YY GOOEY WAVES 6 \/ 
CE (CHIP enanues OXRXKY ay inves ee 
ADO- AD? 
( ADDRESS/ DATA BUS) Car. Tae WRITE DATA 


. . 2 + 
NOTE: Vuigh =Vop -2.V, VLow s 0.8V, FOR Vop 72 V=!0 % 92CM-37030 


Fig. 26 - Bus-write timing waveforms of 8085 multiplexed bus. 
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DYNAMIC ELECTRICAL CHARACTERISTICS—TRANSMIT/RECEIVE, See Figs. 27, 28 and 29. 


LIMITS 
ALL Sam ee UNITS 


CHARACTERISTIC 


Transmit/Receive Clock Rate 


tecy Min. 
Transmit/Receive Clock High Time ton 175 —_ 
Transmit/Receive Clock Low Time tet 175 
XTLI to TxD Propagation Delay too 
RTS Propagation Delay toty 
IRQ Propagation Delay (Clear tira 
(t,,te = 10 to 30 ns) 
“The baud rate with external clocking is: Baud Rate= 
16 x Tccy 
tecy 
2 
XTLI "CH : 
(TRANSMIT) 
CLOCK INPUT) 
toy 
Not 
top DTR, RTS 
TxD 
tiRQ 
NOTE: TxD RATE IS 1/16 TxC RATE 
92CS-36776 TRQ 
(CLEAR) 
92CS-36777 
Fig. 27 - Transmit-timing waveforms with external clock. Fig. 28 - Interrupt- and output-timing waveforms. 


RxC 
(INPUT) 


tor 


NOTE: RxD RATE IS 1/16 RxC RATE 
92CS-36778 


Fig. 29 - Receive external clock timing waveforms. 
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CMOS Random-Access Memories 
(RAMs) 


Technical Data 


RCA offers a large selection of fully static CMOS random-access-memories 
(RAMs) with densities from 8K-bytes down to 32-bytes. These RAMs feature 
low standby current, 2-volt minimum memory data retention for battery backup, 
and CDP1800-series compatible parts. 


Industry-standard pinout devices are represented by the MWS- and CDM- 
series prefixes. 


The following pages contain Cross-Reference Guides for the CDP- and MWS- 
series of 256 x 4, 1K x 4, 2K x 8, and 8K x 8 static CMOS RAMs. 
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RAM Cross Reference Guide 
1K RAMS 


Note: An RCA equivalent type may not be identical with other manufacturer's type in every detail. 
Refer to published data for further information. 


RCA 256 X 4 STATIC RAM COMPARISON CHART (c) 


Access Standby RCA Nearest Access Standby RCA Nearest 
Time Current Equivalent Time Current Equivalent 
(nS) (uA) Type* (nS) (uA) Type* 


S$5101L 650 MWS5101AL2 MOTOROLA | MCM5101P65 MWS5101AL3 
$5101L1 450 MWS5101AL2 MCM5101P80 MWS5101AL3 
$5101L3 650 MWS5101AL3 MCM51L01P45 MWS5101AL2 
$5101L8 800 MWS5101AL3 MCM51L01P65 | MWS5101AL2 


$5101-8 800 MWSS101AL3 NATIONAL | NMC6551B-2 : CDP1822C 


HARRIS HM6551B-2 220 CDP1822C NMC6551B-9 MWS5101AL2 
HM6551B-9 220 MWS5101AL2 NMC6551-2 CDP1822C 
HM6551-2 300 CDP1822C NMC6551-9 MWS5101AL2 
HM6551-9 300 MWS5101AL2 NMC6551-5 MWS5101AL2 
HM6551-5 360 MWS5101AL2 uPD5101L MWS5101AL2 


HUGHES HCMP1822 450 CDP1822 HPDSIOTE=| MWSS5101AL2 


HCMP1822C 450 CDP1822C PANASONIC | MN5101 MWSS5101AL3 


INTERSIL IM65X51-1 300 MWS5101AL2 SHARP LH5101W MWS5101AL2 
IM65X51-M 300 CDP1822C sss SCM5101-1A MWS5101AL2 
IM65X51-11 220 MWS5101AL2 SCM5101-1 MWS5101AL2 
IM65X51-1M 220 CDP1822C SCM5101-3 MWS5101AL2 
IM65X51-Al 235 (10V) CDP1822 SCM5101-8 MWS5101AL3 
IM65X51-AM 235 (10V) CDP1822 SCM5101-4 CDP1822C 


IM65X51-C 350 MWS5101AL2 
TOSHIBA TC5501P MWS5101AL2 


MITSUBISHI M5L5101LP-1 450 MWS5101AL2 TC5501P-1 MWS5101AL2 


*Determine the appropriate package designator (suffix letter) from the RCA Data Sheet. 


RCA 256 X 4 CMOS STATIC RAMS (c) 


RCA Operating Electrical Address Chip Select Standby Data Operating TTL Noise 
Type (a) Supply Characteristic Access Access Current Retention Supply Compatible? Immunity 
(All 22 Pin Voltage Temperature Time Time (uA) Current (2V) | Current (e) | (See Notes) VIL VIH 
Packages) Range Range (nS) (nS) (uA) (mA) (V) (V) 


MWS5101L2(b) 0° to 70°C 250 250 


MWS5101L3 0° to 70°C 350 350 


MWS510AL2(b) 0° to 70°C 250 250 
MWS5101AL3 0° to 70°C 350 350 


CDP1822 -40 to 85°C 450 450 
(250@10V) (250@10V) 


CDP1822C -40° to 85°C 450 450 


(a) D suffix added for ceramic package, E suffix for plastic package. All RCA RAMS shown are asynchronous types. 
(b) Not available in ceramic. 

(c) Specifications at Vdd = 5V unless otherwise noted. 

(d) Drives 1 TTL load, accepts TTL level input using pull-up resistor. 

-(e) Outputs open circuited. Cycle Time = 1 ys. 
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RAM Cross Reference Guide 


4K RAMS 


| 
| Note: An RCA equivalent type may not be identical with other manufacturer’s type in every detail. 
Refer to published data for further information. 


RCA 1024 X 4 CMOS STATIC RAM COMPARISON CHART (b) 


Standby 
Current 


RCA Nearest 
Equivalent 


RCA Nearest 
Equivalent 


Standby 
Current 


| AMI 
| FUJITSU 


| HARRIS 


| 
| HITACHI 


INTERSIL 


MICRO 
POWER 


MITSUBISHI 


$6514 


MB8414E 


HM6514B-9 
HM6514-9 
HM6514-5 
HM6514C-9 


HM4334P-3 
HM4334P-4 
HM6148P 
HM6148P-6 
HM6148LP 
HM6148LP-6 


IM6514} 
IM6514C 


MP2114C 
MP6514 


M58981P-45 


(uA) 


Type* 


MWSS5114-2 


MWS5114-2 


MWS5114-3 
MWS5114-2 
MWS5114-1 
MWS5114-2 


MWS5114-2 
MWS5114-2 
MWS5114-3 
MWS5114-3 
MWS5114-3 
MWS5114-3 


MWS5114-2 
MWS5114-1 


MWS5114-2 
MWS5114-2 


MWS5114-2 


NATIONAL 


TOSHIBA 


NMC6514-9 
NMC6514-5 


uPD444/6514 


uPD444/6514-1 
uPD444/651 4-2 
uPD444/6514-3 


MSM5114 

MSM5114-2 
MSM5114-3 
MSM5115-2 
MSW5115-3 


SCM5114-1 
SCM5114-3 
SCM5114-5 
SCM5114-8 


TC5514P 
TC5514P-1 
TC5514P-2 
TC5514AP-2 
TC5514AP-3 


(uA) 


Type’ 


MWS5114-2 
MWS5114-1 


MWS5114-2 
MWS51 14-2 
MWS5114-2 
MWS5114-3 


MWS5114-2 
MWS5114-3 
MWS5114-2 
MWS51 14-3 
MWS5114-2 


MWS5114-3 
MWS5114-2 
MWS5114-1 
MWS5114-1 


MWS51 14-2 
MWS5114-2 
MWS5114-2 
MWS5114-2 
MWS5114-2 


“Determine the appropriate package designator (suffix letter) from the RCA Data Sheet. 


RCA 1024 X 4 CMOS STATIC RAMS (b) 


RCA Operating Operating TTL 
Type (a) Supply 
(All 18 Pin Voltage 


Packages) Range 


Electrical Address Chip Select Standby Data 
Characteristic Access Access Current Retention Supply Compatible? 
Temperature Time Time (uA) Current (2V) Current (d) (c) 
Range (nS) (nS) (uA) (mA) 


MWS5114-1 0° to 70°C 
MWS5114-2 0° to 70°C 


0° to 70°C 


MWS5114-3 


(a) D suffix added for ceramic package, E suffix for plastic. All RCA RAMS shown are asynchronous types. 
(b) Specifications at Vdd = 5V unless otherwise noted. 

(c) Noise immunity levels: VIL = 0.8V, VIH = 2.4V. 

(d) Outputs open circuited. Cycle Time = 1 us. 
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RAM Cross Reference Guide 
16K RAMS 


Note: An RCA equivalent type may not be identical with other manufacturer's type in every detail. 


Refer to published data for further information. 
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RCA 2048 X 8 CMOS STATIC RAM COMPARISON CHART (b) 


RCA Nearest 
Equivalent 


Standby 
Current 


CMOS | TTL 
(uA) | (mA) 


RCA Nearest 
Equivalent 
Type* 


Type Access 
Time 
(nS) 


FUJITSU 


MB8416 
MB8416-X 
MB8416A-12 
MB8416A-15 


CDM6116A-2 
CDM6116A-9 
CDM6116A-3 
CDM6116A-3 
HARRIS HM65162-5 

HM65 162-9 

HM65162S-5 
HM65162S-9 
HM65162B-5 
HM65162B-9 
HM65162C-9 


CDM6116A-3 
CDM6116A-9 
CDM6116A-3 
CDM6116A-9 
CDM6116A-3 
CDM6116A-9 
CDM6116A-9 
HITACHI HM6116P-2 

HM6116P-3 

HM6116P-4 

HM61161/PI-2 
HM6116I/PI-3 


CDM6116A-3 
CDM6116A-3 
CDM6116A-2 
CDM6116A-9 
CDM6116A-9 


wie 


HITACHI 


“Determine the appropriate package designator (suffix letter) from the RCA Data Sheet. 


Standby 
Current 
‘CMOS| TTL 

(uA) | (mA) 


HM61161/P 1-4 
HM6116LI-2 
HM6116L1I-3 
HM6116L1-4 
HM6116LP-2 
HM6116LP-3 
HM6116LP-4 
HM6116LPI-2 
HM6116LPI-3 
HM6116LPI-4 
HM6116AP-10 
HM6116AP-12 
HM6116AP-15 
HM6116AP-20 
HM6116ALP-10 
HM6116ALP-12 
HM6116ALP-15 
HM6116ALP-20 


mo mo NO —|— |= | DB DY NY DW 
oO Oo NN NY OO CO OO OO 


o oOo wd oO fF BR BH AF 


RCA 2048 X 8 CMOS STATIC RAMS (b) 


Electrical Address 
Characteristle Access 
Temperature Time 


Range (nS) 


Operating 
Supply 
Voitage 
Range 


RCA 
Type (a) 
(All 24 Pin 
Packages) 


CDM6116A-2 0° to 70°C 


CDM6116A-3 


0° to 70°C 


CDM6116A-9 ~40 to 85°C 


Chip Enable 


Access 
Time 
(nS) 


Standby 
Current 
CMOS | TTL 

(ua) [(may| WA) 


Data 
Retention 
Current (8V) 


Operating 
Supply 
Current (d) 
(mA) 


30 


50 


100 


) D suffix added for ceramic package, E suffix for plastic. All RCA RAMS shown are asynchronous types. 


) Noise immunity levels: VIL = 0.8V, VIH = 2.4V, 


(a 

(b) Specifications at Vdd = 5V unless otherwise noted. 

(c 

(d) Outputs open circuited. Cycle Time = Min. !cycle; Vin = Vit, Vin. 


Type* 


CDM6116A-9 
CDM6116A-9 
CDM6116A-9 
CDM6116A-9 
CDM6116A-3 
CDM6116A-3 
CDM6116A-2 
CDM6116A-9 
CDM6116A-9 
CDM6116A-9 
CDM6116A-3 
CDM6116A-3 
CDM6116A-3 
CDM6116A-2 
CDM6116A-3 
CDM6116A-3 
CDM6116A-3 
CDM6116A-2 


TTL 
Compatible? 


(c) 


eno 
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RAM Cross Reference Guide 


16K RAMS 


Note: An RCA equivalent type may not be identical with other manufacturer’s type in every detail. 
Refer to published data for further information. 


RCA 2048 X 8 CMOS STATIC RAM COMPARISON CHART (b) 
Standby RCA Nearest Standby RCA Nearest 
cmos | TTL Type" cmos | TTL Type" 
(uA) (mA) (uA) (mA) 


2000 
2000 
2000 
2000 
100/200 
100/200 
100/200 


1DT6116S70 
IDT6116S90 
IDT6116S120 
1DT6116S150 
IDT6116L90 
(1DT6116L120 
IDT6116L150 


CDM6116A-3 
CDM6116A-3/A-9 
CDM6116A-3/A-9 
CDM6116A-9 
CDM6116A-3/A-9 
CDM6116A-3/A-9 
CDM6116A-3/A-9 


SRM2016C15 
SRM2016C20 
SRM2016C25 


CDM6116A-3 
CDM6116A-2 
CDM6116A-2 


SCM6116-1 
SCM6116-2 
SCM6116-3 
SCM6116L-1 
SCM6116L-2 
SCM6116L-3 


CDM6116A-3 
CDM6116A-3 
CDM6116A-3 
CDM6116A-3 
CDM6116A-3 
CDM6116A-3 


uPD446-3 
uPD446-2 
uPD446-1 
uPD446 


CDM6116A-3/A-9 
CDM6116A-3/A-9 
CDM6116A-9 
CDM6116A-9 


TOSHIBA | TC5517AP 
TC5517AP-2 
TC5517APL 
TC5517APL-2 
TC5517BP-20 


TC5517BPL-20 


30 
30 
1@60°C 
1@60°C 
30 
1@60°C 


CDM6116A-2 

CDM6116A-2/A-9 
CDM6116A-9 
CDM6116A-2/A-9 
CDM6116A-2/A-9 
CDM6116A-2/A-3 


MSM5128-12 
MSM5128-15 
MSM5128-20 


CDM6116A-3/A-9 
CDM6116A-3/A-9 
CDM6116A-3/A-9 


“Determine the appropriate package designator (suffix letter) from the RCA Data Sheet. 


RCA 2048 X 8 CMOS STATIC RAMS (b) 


RCA Operating Electrical Address Chip Enable Standby Data Operating TTL 
Type (a) Supply Characteristic Access Access Current Retention Supply Compatible? 


(All 24 Pin Voltage Temperature Time Time CMOS | TTL Current (3V) Current (d) (c) 
Packages) Range Range (nS) (uA) | (mA) (uA) (mA) 


CDM6116A-2 0° to 70°C 


CDM6116A-3 0° to 70°C 


CDM6116A-9 -40 to 85°C 


a) D suffix added for ceramic package, E suffix for plastic. All RCA RAMS shown are asynchronous types. 
b) Specifications at Vdd = 5V unless otherwise noted. 
c) Noise immunity levels: VIL = 0.8V, VIH = 2.4V. 

d) Outputs open circuited. Cycle Time = Min. tcycle; Vin = Vit, Vin. 


( 
( 
( 
( 
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RAM Cross Reference Guide 


16K RAMS 


Note: An RCA equivalent type may not be identical with other manufacturer’s type in every detail. 


Refer to published data for further information. 


CMOS Microprocessors, Memories and Peripherals 


RCA 2048 X8 CMOS STATIC RAM COMPARISON CHART (b) 


RCA Nearest 
Equivalent 


Access 
Time 
(nS) 


Type 


CMOS 
(uA) 


MB8417 
MB8417-12 
MB8417-15 
MB8418 
MB8418A-12 
MB8418A-15 


FUJITSU 


HARRIS HM65172-5 
HM65172S-5 


HM65172B-5 


HITACHI HM6117P-3 
HM6117LP-3 
HM6117P-4 


HM6117LP-4 


Standby 
Current 


( 


2 
2 


RCA Nearest Type Access 
Equivalent Time 
Type* (nS) 


CDM6117A-3 
CDM6117A-3 
CDM6117A-3 
CDM6118A-3 
CDM6118A-3 
CDM6118A-3 


uPD449 
uPD449-1 
uPD449-2 
uPD449-3 


SRM2017C15 
SRM2017C20 
SRM2017C25 
SRM2018C15 
SRM2018C20 
SRM2018C25 


CDM6117A-3 
CDM6117A-3 
CDM6117A-3 


TOSHIBA | TC5516AP 
TC5516AP-2 
TC5516APL 
TC5516APL-2 
TC5518BP-20 


TC5518BPL-20 


CDM6118A-3 
CDM6118A-3 
CDM6118A-3 
CDM6118A-3 


“Determine the appropriate package designator (suffix letter) from the RCA Data Sheet. 


RCA 2048 X 8 CMOS STATIC RAMS (b) 


RCA 
Type (a) 
(All 24 Pin 
Packages) 


Operating Electrical 
Supply 
Voltage 


Range 


Temperature 
Range 


CDM6117A-3 0° to 70°C 


CDM6118A-3 


0° to 70°C 


Specifications at Vdd = 5V unless otherwise noted. 


(a 
(b) 
(c) Noise immunity levels: VIL = 0.8V, VIH = 2.4V. 
(d) 


Characteristic 


Address 
Access 
Time 
(nS) 


Chip Enable 
Access 
Time 


Data 


Standby 
Current 
CMOS | TTL 

(uA) | (mA) 


Retention 
Current (3V) 


) D suffix added for ceramic package, E suffix for plastic. All RCA RAMS shown are asynchronous types. 


Outputs open circuited. Cycle Time = Min. tcycle; Vin = Vit, Vin. 


Standby 
Current 
CMOS |} TTL 
(uA) | (mA) 
10 
10 


10 
10 


50 
50 
50 
50 
50 
50 


mo MO MO DM NDP ND 


30 
30 
1@60°C 
1@60°C 
30 
1@60°C 


oO wow oO WwW Ww 


Operating 
Supply 
Current (d) 


Type” 


CDM6118A-3 
CDM6118A-3 
CDM6118A-3 
CDM6118A-3 


CDM6117A-3 
CDM6117A-3 
CDM6117A-3 
CDM6118A-3 
CDM6118A-3 
CDM6118A-3 


CDM6117A-3 
CDM6117A-3 
CDM6117A-3 
CDM6117A-3 
CDM6118A-3 
CDM6118A-3 


TTL 
Compatible? 
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Random-Access Memories (RAMs) 


64K RAMS 


Note: An RCA equivalent type may not be identical with other manufacturer’s type in every detail. 
Refer to published data for further information. 


RCA 8192 X 8 CMOS STATIC RAM COMPARISON CHART (b) 
Standby RCA Nearest Access Standby RCA Nearest 
Equivalent Time Equivalent 


Current 
cmos. | TTL Type* (nS) cmos | TTL Type" 
(uA) (mA) (uA) (mA) 


3 
3 
3 
3 
3 
3 


Type Access 
Time 


(nS) 


CDM6264-4 
CDM6264-3 
CDM6264-4 
CDM6264-3 
CDM6264-4 
CDM6264-3 
CDM6264-4 
CDM6264-3 


TC5565P-12 
TC5565P-15 
TC5565PL-12 
TC5565PL-15 
TC5564P-10 
TC5564P-15 
TC5564PL-10 
TC5564PL-15 


FUJITSU MB8464-10 TOSHIBA 
MB8464-10L 
MB8464-15 


MB8464-15L 


CDM6264-4 
CDM6264-4 
CDM6264-3 
CDM6264-3 


20 
20 
1@60° C 
1@60° C 


CDM6264-4 
CDM6264-4 
CDM6264-3 
CDM6264-4 
CDM6264-4 
CDM6264-3 


HITACHI HM6264P-10 
HM6264-12 
HM6264P-15 
HM6264LP-10 
HM6264LP-12 


HM6264LP-15 


Oo DO NY NY Oo WO BO W 


“Determine the appropriate package designator (suffix letter) from the RCA Data Sheet. 


RCA 8192 X 8 CMOS STATIC RAMS (b) 
Data Operating TTL 


Address Chip Enable Standby 
Access Access Current Retention Supply Compatible? 


Time Time CMos | TTL Current (3V) Current (d) (c) 
(nS) (nS) (uA) (mA) 


CDM6264-3 0° to 70°C 150 150 100 3 50 45 Yes 
CDM6264-4 0° to 70°C 120 120 100 3 50 45 Yes 


a) D suffix added for ceramic package, E suffix for plastic. All RCA RAMS shown are asynchronous types. 
b) Specifications at Vdd = 5V unless otherwise noted. 
Cc 
d 


RCA Operating Electrical 
Type (a) Supply Characteristic 

(All 28 Pin Voltage Temperature 

Packages) Range Range 


) Noise immunity levels: VIL = 0.8V, VIH = 2.4V. 
) Outputs open circuited. Cycle Time = Min. tcycle; Vin = Vir, Vin. 


( 
( 
( 
( 
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CDM6116A 


CMOS 2048-Word by 8-Bit 
Static RAM 


Features: 

a Fully static operation 

= Single power supply: 4.5 V to 5.5 V 
a All inputs and outputs directly TTL 


s /ndustry standard 24-pin configuration 
us Chip-enable gates address buffers for 
minimum standby current 


| 
2 
3 
4 
5 
6 
7 
8 


compatible 


TOP VIEW 
92CS-36942 


TERMINAL ASSIGNMENT 


The RCA-CDM6116A is a CMOS 2048-word by 8-bit static 
random-access memory. It is designed for use in memory 
systems where high-speed, low power and simplicity in use 
are desirable. This device has common data inputs and data 
outputs and utilizes asingle power supply of 4.5Vto5.5V.A 
chip-enable input and an output-enable input are provided 
for memory expansion and output buffer control. 


The chip enable (CE) gates the address and output buffers 
and powers down the chip to the low power standby mode. 


INPUT XY 
ADDRESS DEC ODE 
BUFFERS 


ENABLE 


# 3-state outputs 


» Data retention voltage: 2 V min. 


CDM6116A-2/CDM6116A-3;CDM6116A-9 


Operating Temperature 


Operating Current (max.) 


Standby Current 
lpps1 (max.) 


The output enable (OE) controls the output buffers to 
eliminate bus contention. 


The CDM6116A-2 and CDM6116A-3 have an operating 


temperature range of 0° to+70°C. The CDM6116A-9 has an 
operating temperature range of -40° to +85°C. 


The CDM6116A-2 and CDM6116A-3 are supplied in a 24- 
lead dual-in-line plastic package (E suffix). The CDM- 
6116A-9 is supplied in a 24-lead dual-in-line plastic package 
(E suffix) and a 24-lead dual-in-line side-brazed ceramic 
package (D suffix). 


I/08 
1/07 
1/06 
1/05 
1/04 
1/03 
I /02 
I/01 


<«——0O Vop 


92CM-36943 


Fig. 1 - Functional block diagram. 


TRUTH TABLE 


A0 TO A10 
X 


STABLE 
STABLE 
STABLE 


L=LOW H=HIGH X=Horl 


DEVICE 
| Move 701 TO 1/08 | CURRENT 


NOT SELECTED HIGH Z STANDBY 
READ DATA OUT ACTIVE 
WRITE DATA IN ACTIVE 
WRITE DATA IN ACTIVE 
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CDM6116A 
MAXIMUM RATINGS, Absol/ute-Maximum Ratings 
DC SUPPLY-VOLTAGE RANGE, (Vpp): 

(Voltage:referenced'to Vee terminal): sce eisecetcisiacs dang kewe eae eee ea dbee es ed waka een tants bak Lee obec bve ie ee: -0.3to+7V 
INPOT-VOCTAGE-RANGE ALLANPU TS? jis n oh ech teak Puan a Puede ood mig ae ar Ha wR ee INGE Ea Reel nee eS -0.3to+7V 
DC INPUT-CURRENT, ANY ONEINPUT 4 chscrcceseoiiadoteaaciaweean inked oie ieee awe eae el euey aad Sav awe ea braced ee baw eee Se +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr Ta = 340" to +60" C (PACKAGE TYPE Bhi vere ant eras-a ce uaa ea ee pate See a Se aad ela de ee oa Pie nade adeaeendd 500 mW 

For Ta = +60° to +85°C (PACKAGE TYPE E)....c.ccseeccessccstsetvetaveccvnasebeevaueseetes Derate Linearly at 8 mW/°C to 300 mW 

FOr =44d010 285° C( PACKAGE TY PEO) ic foes yen nate Yala ia vue eatin Ren adenine nis eernk Gah bed & Mea Metab ions 500 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Type@S) ........ cc cece ccc cece eee e ence cece eeeeeeeeeaanteenes 100 mW 
OPERATING-TEMPERATURE RANGE (Ta) 

CDM6116A-2, CDM6116A-3 (PACKAGE TYPE E)..........cccccccccccevccceccccceeuvscsceueccscvevsneusecensceevesvges 0 to +70°C 

CDM6116A-9 (PACKAGE TYPES D, E)..... ccc ccc ccc nce cece ese cneaeensnsuceeacetenencavaneeseranettenttntneeees -40 to +85°C 
STORAGE TEMPERATURE RANGE: (Taig) tone cede oe chunk ewss Sata iea haat eee ala awe inet bteiek andi bat nows -55 to +125°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. 2... . ccc ccc cecceccvcscuccucevevcvecsauevveatetavenees +265°C 


OPERATING CONDITIONS at Ta = 0 to +70°C, (CDM6116A-2, CDM6116A-3); T, = -40° to +85°C (CDM6116A-9) 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 


A Input signal rise and fall times longer than the maximum value can cause loss of stored data in the selected mode. 
STATIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70° C (CDM6116A-2, CDM6116A-3); 
Ta = -40° to +85°C (CDM6116A-9), Von = 5 V + 10%, Except as noted 


LIMITS 


CHARACTERISTIC CONDITIONS CDM6116A-2 CDM6116A-3 CDM6116A-9 UNITS 


ee ee 


Standby Device loos 
Current 


Output Voltage 
Low Level Vo. Max. 


Output Voltage fevten fee — fas — BS 
Benes NowMin. [tows -twA | = Nowro.t | — | = Nooot | = | — Moo-0.1 


"Gurren ne SoCs ocecce 
Current lin Max. Vin=0V to Vopo 


3-State Output CE or OF = Vin 
Leakage 
Current 


Vio =0 V to Voo 
Operating 
Device 


“ a = = jp ja]—| [afm 
Current | | 


" be namo 
Capacitance f= 1 MHz, Ta = 25°C | | oF 
Capacitance Cio f= 1 MHz, Ta= 25°C | 


* Typical values are for Ta = 25°C and nominal Vpp. # Outputs open circuited: cycle time = Min. tev duty = 100%. 
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SIGNAL DESCRIPTIONS 
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A0-A10 (Address Inputs): These inputs must be stable prior to a write operation, but may change asynchronously during 
read operations. 
— 1/01-1/08: 8-bit tristate data bus. 
__CE (Chip Enable): Powers down chip, disables Read and Write functions, and gates off address inputs. 
OE (Output Enable): Enables tristate outputs if CE is low_and WE is high. 
WE (Write Enable): Enables Write function, if CEis low. WE will dominate if both WE and OE are low (i.e., the bus will 
be tristated and a Write will occur). 
Vop, Vss: Power supply connections. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 0 to +70°C (CDM6116A-2, CDM6116A-3); 
Ta = -40° to +85°C (CDM6116A-9), Voo = 5 V + 10%, 
Input t,, t} = 10 ns; C. = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 


LIMITS 


CHARACTERISTIC CDM6116A-2 | CDM6116A-3 | CDM6116A-9 | UNITS 


Read Cycie Times See Fig. 2 MIN. MIN. 
Read Cycle Time tre air 150 feo nk = _ 
Address Access Time taa es 200 = P50.) | 250 
Chip Enable Access Time -_ tace fp ee ROO 150 se 250 
Chip Enable to Output Active tex Ete ee oh ae aa — 
Output Enable to Output Valid toev eae Teas ees 150 ns 
Output Enable to Output Active | toex 15 artes 15 — 
Chip Disable to Output “High 2” twz | o | 60 | o | 50 | 0 | 80 
[Output Disable to Output"Highz@” ———~S—stow | 0 | 60 | 0 | 80 | 0 | 00 


Output Hold from Address Change tox 15 | — | 1 | — | 15 — 


tTime required by a limit device to allow for the indicated function. 


yee = AC 


ADDRESS 


oe aaa a 


toeV 


tex ‘Ou 
= OHZ 
mo xX» 


oO 
m 


m 


‘WE IS HIGH DURING READ CYCLE 
TIMING MEASUREMENT REFERENCE 
LEVEL IS I.5V 


92CM~-36944 


Fig. 2 - Read-cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 0 to +70°C (CDM6116A-2, CDM6116A-3); 
Ta = ~40° to +85°C (CDM6116A-9), Von = 5 V + 10%, 
Input t,, t: = 10 ns; C_ = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 


LIMITS 


CHARACTERISTIC CDM6116A-2 | CDM6116A-3 | CDM6116A-9 | UNITS 


Write Cycle Times See Fig. 3 MIN.1 | MAX. | MIN.t max. | MIN.* MAX. | 


Write Cycle Time twe | 200 | | 
Chip Enable to End of WRITE tew ee SOO: It ceed 200. 4 
Address Valid to End of WRITE 

Address Setup Time 

Write Pulse Width 

Write Recovery Tine 

Output Disable to Output “High Z” tonz 


po | 6 | o | 50 
Write to Output “High 2” twuz ep ve0- | Oe 40 f 40 
Input Data Setup Time a tow | eo | — | 50 | — 
Input Data Hold Time ton CAO) ol eee ee meee AO 


Output Active from End of Write ~ tow cee Tee 


*Time required by a limit device to allow for the indicated function. 
WRITE CYCLE 1 Two° 


ADDRESS 


® QB RN 


ns 


(oe) 
m 


= 
m 


tas 


DATA OUT SSS SSS 
TITTILLAL AA ALAN TT) a 
toHz tou 
en K XXX KXKKXX 
a 92CM- 36946 
WRITE CYCLE 2 - OE = LOW twe —— 
ADDRESS 
FE MA nr MLLLSLLLLLLLLLLL. 
WE N AK ton 
"AS +t wz tow 
Sach Bie) SSNS SS SAAS X) XXX 
MAW TLTITTILTILAL LLAMA ALAM TTT APDLLLAA 
tow tou 


VAG AAV AV AWAVAY, 
‘a ED 4.0,0000058 
TIMING MEASUREMENT REFERENCE AX XXX X 
LEVEL IS I.5V eee ere 


Fig. 3 - Write-cycle timing waveforms. 
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DATA RETENTION CHARACTERISTICS at Tz = 0 to 70°C (CDM6116A-2, CDM6116A-3); 
Ta = -40 to +85° C (CDM6116A-9), Unless otherwise noted, See Fig. 4. 


LIMITS 


ALL TYPES 


CHARACTERISTIC TEST CONDITIONS 


Minimum Data Retention Voltage Vor 
CDM6116A-2, CDM6116A-3, CDM6116A-9 


Ta =0to 70°C 
CE => Vop - 0.2 V 
Ta = -40 to 0°C 
CE => Vpp - 0.2 V 


CDM6116A-9 


Data Retention Quiescent Current IpbpDR® 


CDM6116A-2| Vop=3V,CE>2.8V 


15 
CDM6116A-9]| Vpp=3V,CE22.8V aS 


Chip Disable to Data Retention Time tcor See Fig. 4 “5 


Recovery to Normal Operation Time | See Fig. 4 | | See Fig. 4 | 4 


CDM6116A-3 MA 


ns 


*IppDR=7.5 wA max. at Ta=0° to +40°C for CDM6116A-2 and CDM6116A-3. 
“trac = Read Cycle Time. 


DATA 
RETENTION 
MODE 


% 
> lus 
alee 92CM-36263 


Fig. 4 - Low Vpb data retention timing waveforms. 
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TERMINAL ASSIGNMENT 
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CMOS 2048-Word by 8-Bit 
Static RAM 


Features: 


Fully static operation 

Single power supply: 4.5 V to 5.5 V 

All inputs and outputs directly TTL compatible 

3-state outputs 

Industry standard 24-pin configuration 

Fast access time for system with common read/write 
tAcc = 150 ns 
tacs= 60ns 

Low standby and operating power: [DDs1 = 1 wA typical, IOPER = 35 MA 
maximum 

Data retention voltage = 2 V min. 

Operating temperature range (max. rating): 0° to 70°C 


The RCA-CDM6117A-3 is a 2048-word by 8-bit static The input address buffers are gated off by chip enable 
random-access memory. It is designed for use in memory giving minimum standby power with inputs toggling. 


systems where high-speed, low power and simplicity in use 
are desirable. This type has common data input and data 
output and utilizes a single power supply of 4.5 V to 5.5 V. 


N PUT 
ADDRESS 
BUFFERS 


ENABLE 


The CDM6117A-3 is supplied in a 24-lead, dual-in-line 
plastic package (E suffix). 


1/08 
1/07 
1/06 
1/05 
1/04 
1/03 
1/02 
I/0l 


128x128 
MEMORY 
MATRIX 


XY 
DEC ODE OUTPUT 
D 


ATA 
BUFFERS 


—=—0O Vop 
CONTROL —=—Vss 
LOGIC 
92CM- 36258 


TRUTH TABLE 


H L X x 


Fig. 1 - Functional block diagram. 


DEVICE 


CURRENT 
NOT HIGH Z ACTIVE 
SELECTED 
STABLE READ DATA OUT ACTIVE 
A NOT HIGH Z STANDBY 


SELECTED 
WRITE 


STABLE DATA IN ACTIVE 


L=LOW H=HIGH X=HorlL A=H,L, or HIGH Z. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpb): 


CMOS Microprocessors, Memories and Peripherals 


(All voltage values referenced to VSS terMiNal) 2.0... cece cc eee eee eee ee eee ee ee eee eee eee eee ee eee eee eee eee tenes -0.3 to +7 V 
INPUT VOL TAGE-RANGE, ALLAINPUTS ccs cave Weare ek aOR EN COG G ERS ORO OME ME Ale We FON HES WERT EAS -0.3 to +7 V 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr TA = 0° 10760" C c4:ceycawa wit ii eeevG o 04a Pe PN Tae Ones Ae Leeda ad Seeds ans WAGE Gr Se ae eI SAR Rea we RE 500 mW 

FOr TAH" 00 tO-4 70" Cian pane ike Gre eee wae eS ne OO WN WEES Abe SAN Raiey Wa eS Derate Linearly at 12 mW/°C to 380 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA= FULL: PACKAGE-TEMPERATURE RANGE isc icvccvesecesece ec ewiteeebe se berbee et sad di deebWeeeabe raed vane weds 100 mW 
OPERATING-TEMPERATURE.RANGE (TA) i saccasas bese io sie 2504 WY ON a site Ea dete aa ee S WANE a am eee SNS apa ae ona ad 0 to +70°C 
STORAGE TEMPERATURE RANGE (Tata) -ccitssGeeiwns peceu toned del teaete ne bsd eee een eeel dees ae ete Ma eeee eed -55 to +125°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 t+ 0.79 Mm) from Case FOF 1D S MAX. co. cece cece cree e eee eee rere ere eter ee rene eeeeee ence +265°C 


OPERATING CONDITIONS at TA = 0° to +70°C 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 
CDM6117A-3 


CHARACTERISTIC 


DC Operating Voltage Range 
Input Voltage Range 


| 45 | 5s 
voo +03 
| 03 | oe 


A Input signal rise and fall times longer than the maximum value can cause loss of stored data in the selected mode. 


Input Signal Rise or Fall Time A 


STATIC ELECTRICAL CHARACTERISTICS at TA = 0 to +70°C, VoD = 5 V + 10%, Except as noted 


LIMITS 
CDM6117A-3 
CHARACTERISTIC CONDITIONS 
Standby Device CE = VIH 
Current CE = VpD -0.2 V 
Output Voltage lOL = 2.1 mA 
Low-Level VOL Max. loL=1 pA 
Output Voltage | JOH = -1 MA 
High Level VOH Min. IOH = -1 WA 
Input Leakage Vpp = 5.5 V 
Current IN Max. VIN = 0 V to VDD 
3-State Output CS or CE = VIH 
Leakage Current IOUT Vi/o = 0 V to VDD 


Operating Device Current IOPER# VIN = VIL, VIH 


Input VIN=OV, 
Capacitance CIN f = 1 MHz, TA = 25°C 


Output VIO =OV, 
Capacitance Ci/O f = 1 MHz, TA = 25°C 


eTypical values are for TA = 25°C and nominal Vop. 
#Outputs open circuited; cycle time = Min. tcycle, duty = 100%. 


Random-Access Memories (RAMs) 


Signal Descriptions 


AO-A10: Address Inputs. These inputs must be stable 
prior to a WRITE operation, but may change asynchronously 
during READ operations. 


1/04-1/Og: 8-Bit tri-state data bus. 


CE: Chip Enable. Whenchip enable is not true, READ and 
WRITE functions are disabled, address and output buffers 
are gated off, and the chip is powered down to the low- 
power standby mode. 
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CS: Chip Select. When Chip Select is not true, READ and 
WRITE functions are disabled and the output buffers are 
gated off. Chip Select does not gate off the address inputs 
nor power down the chip. Acess time from GS is therefore 
faster than CE access. 


WE: WRITE Enable. Controls READ and WRITE functions 
if CE and CS are low. When WE = CE = CS=O, the bus will be 
tri-stated and a WRITE will occur. When WE= 1, CE=CS=0 
a READ operation occurs. 


Vpp; Vss: Power Supply connections. 


DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 0 to +70°C, Vop = 5 V + 10%, 
Input tr, tt = 10 ns; Cu = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 


Read Cycle Times See Fig. 2 


CHARACTERISTIC 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Enable Access Time 

Chip Select to Output Active 

Chip Deselect to Output “High Z” 
Chip Enable to Output Active 
Chip Disable to Output “High Z ” 
Output Hold Time 


LIMITS 
CDM6117A-3 


TTime required by a limit device to allow for the indicated function. 


READ CYCLE 1 - CS, CE CONTROL, WE = H 


see LZ mn 
ZF KW ZZ THE 
DATA OUT cet ze = 1%) 


S=CE=L 


READ CYCLE 2 - WE CONTROL, 


ADDRESS 


DATA OUT 


NOTE: TIMING MEASUREMENT REFERENCE 


LEVEL IS I.5V 


92CM- 36259 


92CM-36260 


Fig. 2 - Read-cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C, Von = 5 V + 10%, 
input tr, t= 10 ns; CL = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 


Write Cycle Times See Fig. 3 


LIMITS 
CDM6117A-3 
Write Cycle Time twc 


UNITS 


CHARACTERISTIC 


Address Setup Time tAs 


Write Enable Width ww | 90 


Input Data Setup Time tDW 50 
wa | oo | 


ns 


Address Hold Time 


tTime required by a limit device to allow for the indicated function. 
WRITE CYCLE 1 - CS, CE CONTROL twe 


ADDRESS 


SCE) YY RAY 'cew) | QQ 


pata our WWWASALY LLL LL 
LILI LLL LLL LS} 


DATA IN 


WRITE CYCLE 2 - WE CONTROL 


92C M~ 3626! 


a 
m 


bo t wr 
WA \ 
t AS t WH tow 
seit Oe TT 
LLLLL IIIT ILI ILS ILL LLL ILL LAVA 


Dw oH 


DATA IN 
/\ 4.9, 92CM-36262RI 


Fig. 3 - Write-cycle timing waveforms. 
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DATA RETENTION CHARACTERISTICS at TA = 0 to 70°C; See Fig. 4. 


LIMITS 
CDM6117A-3 


UNITS 


TEST CONDITIONS 


GeEzvoo-o2v | 2 | — 


CHARACTERISTIC 


Minimum Data Retention Voltage VDR 

Data Retention Quiescent Current IDDDRA | von=3v,ce=28v | — | 25 | 
Chip Deselect to Data Retention Time tCDR | geeFig.4 =| 0 

Recovery to Normal Operation Time tR ~ 


AIDDDR = 12.5 wA max. at TA = 0° to +40°C. 
*tRC = Read Cycle Time. 


¥ 
te te 2 Ips 
Cate 92CM- 36263 


Fig. 4 - Low Vpp data retention timing waveforms. 
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TOP VIEW 
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TERMINAL ASSIGNMENT 


The RCA-CDM6118A-3 is a 2048-word by 8-bit static 


CMOS Microprocessors, Memories and Peripherals | 


CMOS 2048-Word by 8-Bit 
Static RAM 


Features: 


Fully static operation 

Single power supply: 4.5 V to 5.5 V 

All inputs and outputs directly TTL compatible 

3-state outputs 

Industry standard 24-pin configuration 

Fast access time for systems with common or 
separate read/write: tacc = 150 ns 

Low standby and operating power: /ops1 = 7 uA typical, lopeER = 35 mA 
maximum | 
= Data retention voltage = 2 V min. 
= Operating temperature range (max. rating): 0° to 70°C 


The input address buffers are gated off by either chip 


random-access memory. It is designed for use in memory enable input for minimum standby power with inputs 
systems where high-speed, low power and simplicity in use toggling. 


are desirable. This type has common data input and data 
output and utilizes a single power supply of 4.5 V to 5.5 V. 


IN PUT 
ADDRESS 
BUFFERS 


CONTROL 
LOGIC 


The CDM6118A-3 is supplied in a 24-lead, dual-in-line 
plastic package (E suffix). 


I/08 
I/07 
XY 128x128 INPUT/ I/06 
DECODE MEMORY OUTPUT 
MATRIX DATA I/05 
BUFFERS tiie 
I/03 
1/02 
I/01 
a—0O VoD 
Fig. 1 - Functional block diagram. 0 Vss 9 2c M-36403 


A NOT HIGH Z STANDBY 
SELECTED 


A NOT HIGH Z STANDBY 
SELECTED 


STABLE READ 
STABLE WRITE DATA IN ACTIVE 


DATA OUT ACTIVE 


L=LOW H=HIGH X=HorL, A=L,Hor HIGH Z. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp): 

(All voltage values referenced to Ves terminal) ....... ccc cece ete eee ee eee eee ee eee eee e eee eee eben eee eee eens eeeeenes -0.3to+7V 
INPUT VOLTAGE: RANGE: ALL INPUTS sic ickdoei te eeiiel se Adieaie er aibeele Da Wow oF EAs Aw es WEES Hw wide ONES OO SET eS -0.3to+7V 
POWER DISSIPATION PER PACKAGE (Pp): 

FOU Tas O00 FOO is sets ieee Gd iste yee RAGS eRe ee RK ie Dale ade ARERR AAA OER BEAR OE Es 500 mW 

For tas. t6010 2707 C vo sakn Gury adete wench eng scm sees He vee abuts ne hue Neda Cake oeenees Derate Linearly at 12 mW/°C to 380 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE........ ccc cc ccccc cee teen eens eaten eee neste eet eeeeeeeeeeeeeeeteeeteetes 100 mW 
OPERATING-TEMPERATURE RANGE (Ta) .........cccceceeecceteeeeeees shes hacen ava tic sIsbne Waa ca ale tok aided a aan aN eats arate nama Nes 0 to +70°C 
STORAGE TEMPERATURE RANGE (Teig) es-cczse cienda date rede ves OWN ewe bade Os ou dee te De dane eee CoN de eae -55 to +125°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from Case FOr 10S MAX, Lecce cece e cere wenn een e eee eee ee eee nese ee eeenenens +265°C 


OPERATING CONDITIONS at Ta = 0° to +70°C 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 


CDM6118A-3 


DC Operating Voltage Range | 45 | 5.5 
Input Voltage Range i ee Voo + 0.3 
Input Signal Rise or Fall Time4 tr te | o=— | os | 


Ainput Signal rise and fall times longer than the maximum value can cause loss of stored data in the selected mode. 


STATIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C, Von = 5 V + 10%, Except as noted 


LIMITS 


CONDITIONS CDM6118A-3 UNITS 


ee ee 
CEtorCe-vm | | || ma 
CET ore Vooroeve| = — | 1 | 0 | 
lon = 2.1 mA rr ee ee 
Output Voltage Plow=-tma | ee | 
Input Leakage Von = 5.5 V 
Current lin Max. Vin = 0 V to Vop 
3-State Output CET or CE2 = Vin 
Leakage Current lout Vio = 0 V to Von 
Operating Device . 
Input Vin=0V, 
Capacitance = 1 MHz, Ta = 25°C 


Output Vio = OV, 
Capacitance Cio f = 1 MHz, Ta = 25°C 


CHARACTERISTIC UNITS 


CHARACTERISTIC 


Standby Device 
Current 


lpps1 


Output Voltage 
Low-Level 


Vor Max. 


*Typical values are for Ta = 25°C and nominal Vpp. 
#Outputs open circuited; cycle time = Min. tcycie, duty = 100%. 
Bif either pin (CE1 or CE2) is low, it must be < 0.2 V. 
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CDM6118A-3 
Signal Description 
A0-A10 Address Inputs. These inputs must be stable ____ the low power standby mode. 
prior to a Write operation but may change WE Write Enable. Controls Read and Write 
asynchronously during Read operations. functions if CE1 and CE2 are low. When 
1/0;-1/Og 8-bit tri-state data bus. WE=CE1=CE2=0, the bus will be tri-stated 
CE1, CE2 Chip Enable. When either CET or CE2 is not and a Write will occur. When WE=1, 
true, the Read and Write functions are CE1=CE2=0, a Read operation occurs. 
disabled, address and output buffers are ‘Vop, Vss Power Supply connections. 


gated off, and the chip is powered down to 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta, = 0 to +70°C, Von = 5 V + 10%, 
Input t,, t. = 10 ns; C, = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 


Read Cycle Times See Fig. 2 


LIMITS 


CHARACTERISTIC CDM6118A-3 UNITS 


MIN.t 


— 
oi 
fo) 


Read Cycle Time trc 
Address Access Time tacc 


Chip Enable (GE1) Access Time tor | 
Chip Enable (CE2) Access Time tace2 — | me 
Chip Enable (CET) to Output Active towzs ns 
Chip Disable (CE?) to Output High Z tw, | Oo | 
Chip Enable (CE2) to Output Active terze 
Chip Disable (CE2) to Output High Z toe | OO | 
Output Hold Time | tow 
tTime required by a limit device to allow for the indicated function. 

tre 

ADDRESS 
tacc tou 
XXXL Wade 


teiz! 


= Woy ze 


on a 
ACE2 jal tcHz2 
LAA ANA, 


TIMING MEASUREMENT REFERENCE 
LEVEL IS |.5Vv 92CM-36406 


nN 


Fig. 2 - Read-cycle timing waveforms. 
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CDM6118A-3 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 0 to +70° C, Voo = 5 V + 10%, 
Input t,, t. = 10 ns; C. = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 


LIMITS 


| CHARACTERISTIC CDM6118A-3 UNITS 


Write Cycle Times See Fig. 3 


Aabeed 


Write Cycle Time twe 150 


ee 

Chip Enable (GE1) to End of Write wi | CO 
Chip Enable (CE2) to End of Write tew2 i a a 

| Addresswidth Ct ST CE KC 
| AddressSetupTime = ts S| CC 
| WriteEnableWidth tw STC | 
Input Data Setup Time tow ee a ae ae 
Address Hold Time tweed. Ok et ee 
ee ee ee 


Input Data Hold Time ton 


Output Active From End of Write ee a ee ee eee 
Write Enable to Output High Z we [| oo | 


tTime required by a limit device to allow for the indicated function. 


twr 


twHz tow 


DATA OUT 
tDH 

WAV AVAVAWAW AW, 
DATA I SD O.0.0.0.00,0,0 


92CM~36405RI 


Fig. 3 - Write-cycle timing waveforms. 
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DATA RETENTION CHARACTERISTICS at Ta = 0 to 70°C; See Fig. 4. 
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LIMITS — 
CDM6118A-3 . 


TEST CONDITIONS 


‘CHARACTERISTIC 


Minimum Data Retention Voltage Vor |CElorCE2>Vpo-0.2V | 2 | — | 

Data Retention Quiescent Current lbpDR® Von = 3 V, Le jae | 
CE1 or CE2> 2.8 V8 

Chip Disable to Data Retention Time torn |  SeeFig4 | O- | 

Recovery to Normal Operation Time tr —— re 


“trac = Read Cycle Time. 
if either pin (CE1 or CE2) is low, it must be < 0.2 V. 
* lpn DR = 12.5 uA max. at Ta = 0° to +40°C. 


DATA RETENTION 
MODE 


ths ty 2 lps 


92CS-36404 


Fig. 4 - Low Vpo data retention timing waveforms. 
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A8 
Ag Features: 
All 
OE 
Alo 
CEt 
I/08 
I/07 
1/06 
I/05 
I/04 


3-state outputs 


I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
a 
12 
13 
14 


TO EN eens he maximum 


TERMINAL ASSIGNMENT 


The RCA-CDM6264 is a 8192-word by 8-bit static random- 
access memory. It is designed for use in memory systems 
where high-speed, low power and simplicity in use are 
desirable. This device has common data input and data 
output and utilizes a single power supply of 4.5 V to 5.5 V. 


Either chip enable (CE1 or CE2), when not valid, will gate off 
the address and output buffers and power down the chip to 


INPUT 
ADDRESS 
BUFFERS 


ENABLE 


E 
CE2 CONTROL 
LOGIC 


: 
STABLE 
STABLE 
STABLE 
L=LOW H=HIGH X=HORL 


Fig. 1 - Functional block diagram. 
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Yoo CMOS 8192-Word by 8-Bit 
cee LSI Static RAM 


Fully static operation 
Single power supply: 4.5 V to 5.8 V 
All inputs and outputs directly TTL compatible 


Industry standard 28-pin configuration 

Input address buffers gated off with chip disable 

Fast access time: taa=150 ns/120 ns (CDM6264-3/CDM6264-4) 

Low standby and operating power: Ippsi1=2 WA typical, loper2=40 MA 


Data retention voltage: 2 V min. 
Operating temperature range (max. rating): 0° to 70°C 


minimum standby power with inputs toggling. The output 
enable (OE) controls the output buffers to eliminate bus 
contention. 


The CDM6264 is supplied in 28-lead, hermetic, dual-in-line 
side-brazed ceramic (D suffix) and in 28-lead dual-in-line 
plastic (E suffix) packages. 


I/08 
1/07 


256 x 256 
MEMORY 
MATRIX 


I/06 
1/05 
I/04 
1/03 


1/02 
r/01 


———O Vop 


———© Vss _ 92CM-37210 


DEVICE 
CURRENT 
STANDBY 


NOT SELECTED HIGH Z 


NOT SELECTED HIGH Z STANDBY 
READ DATA OUT ACTIVE 
WRITE DATA IN ACTIVE 


OUTPUT DISABLE HIGH Z ACTIVE 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp): 


CMOS Microprocessors, Memories and Peripherals 


(Voltage referenced to Vse' terminal) <ccs.so5 36 so-so va¥ ein vets Oo ie 08S CURE GREW OAT TEA had SETAE Ne VES eRe eke ene -0.3to+7V 
INPUT VOLTAGE RANGE. ALL INPUTS ic vcutias edb Andere nen eaacy oid or ESOS R SRG ATOR OEM CESS SUSE ERD ARSW a aeaa sas -0.3 to +7 V 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr Tae 0" to 760° C (PAC KAGE-TY PRE: E) ici sc vinine ee eae ne ieee need ee RSE RG MRS BAGG 14a Meee Mea ae bea sas 500 mW 

For Ta=:+60" to-+70° C (PACKAGE TYPE E)in vise is oesaeead faw io tesa sswen ius miwed nen 4 be Derate Linearly at 8 mW/°C to 420 mW 

For Ta= 0° to'+70° C (PACKAGE: FY PE: D)iigt oie eid a ar rie an Gene Vw GAN w RO en 8 CES ERMA ES BREESE Sad eR eas 500 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta= FULL PACKAGE-TEMPERATURE- RANGE 4.05 35 haicemevinsaews Sak ee Ha Rie tara Sa ewaeaidieg Mcoeee eee ease ataews 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE VY CE Dy ceusec aa Sate ek eRe ee ak FO EN PA OA EA IE PLEIN EID RLS ORR ONES FPR Oa OSES 0 to +70°C 

PACKAGE. LY Fie Ey sheets Sasa eos Gar ed SRG OTS ee ew ses Dees Reha ta ears corel beri aies 0 to +70°C 
STORAGE TEMPERATURE RANGE {Tete ec 50 pace ead aA Vee se Sly oe Od ew eh eR eR Oe ams AES ea eS -55 to +125°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from Case FOr 10S MAX. Lecce c cece cece eee eee ee eee ener eee e eee eee tee eeeaee +265°C 


OPERATING CONDITIONS at Ta = 0 to +70°C 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC _ ALL TYPES 


DC | DC Operating VoltageRange Voltage Range 


ee eee nto Voltage Range 


Input | Input Signal Rise orFall Times tte Rise or Fall Time4 


A input signal rise and fall times with a duration greater than the maximum value can cause loss of stored data in the selected! 
mode. 


STATIC ELECTRICAL CHARACTERISTICS at T, = 0 to +70°C, Von = 5 V + 10%, Except as noted 


LIMITS 
CHARACTERISTIC CONDITIONS [ALL TYPES |UNITS 
ii ye a 


[CE1=VinorCE2=Vin 1.5 mA 
Standby Device Current 1=Vin Or CE2=Vit r— 115] 3 | mA] 
CET=CE2 = Vpp-0.2 V or 

100 LA 
CE2<0.2V 
Output Voltage Low Level Vor Max. lor=2.1 mA 


lon=-1 mA 


Output Voltage High Level Von Min. 


Input Leakage Current lin Max. Vin=0 V to Voo = [fee] 
3-State Output Leakage Current lout Vio=0 V to Voo on, 


Vin= Vir, Vin teye=1 US 


Operating Device Current lopens” teye= 120 ns Ses 


torts | — | 2] 4 
# 7 = cyc 
loper2 Vin=0.2 V, Vop-0.2 V toye= 120 nS ES 
Input Capacitance ee 
ane a f=1 MHz, Ta=25°C 
Mier? V, 


*Typical values are for Ta=25°C and nominal Vop. # Outputs open circuited. 
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CDM6264 


SIGNAL DESCRIPTIONS 


A0-A10 (Address Inputs): These inputs must be stable prior to a write operation, but may change asynchronously during 
read functions. 

a 1/01-1/08: 8-bit tristate data bus. 

CE1, CE2 (Chip Enable): Either chip enable, when not true, powers down the chip, disables Read and Write functions, and 
gates off address and output buffers. 

OE /E (Output Enable): Enables tristate outputs if Get and CE2 are valid and WE is high. 
WE (Write Enable): Enables Write function, if CET and CE2 are valid. WE will dominate if both WE and OE are low 
(i.e., the bus will be tristated and a Write will occur). 
Vop, Vss: Power supply connections. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C, Von = 5 V + 10%, 
Input t,, t = 10 ns; C. = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 


LIMITS 


CDM6264-3 CDM6264-4 


Read Cycle Time ea ee 
|_Address Access Time es a 
Chip Enable Access Time treenitaces | | 50 | 
= 


Chip Enable to Output Active 

Output Enable to Output Valid 
Output Enable to Output Active 
Chip Disable to Output “High Z” tenz1,tenze 
Output Disable to Output “High 2” 
Output Hold from Address Change 


CHARACTERISTIC UNITS 


teiz1,terze 


ns 


tonz 


oe oo LIST ALLL 


pe SELLE: SE EE SSS 


a SSA GATZALZZ 


OEV 
toex 


= XX XD) 


WE IS HIGH DURING READ CYCLE. TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. 92CM~ 37205 


Fig. 2 - Read-cycle timing waveforms. 
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CDM6264 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C, Von = 5 V + 10%, 
Input t, t}= 10 ns; C. = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 


; ee. LIMITS 
CDM6264-3 CDM6264-4 


CHARACTERISTIC 
Write Cycle Times, See Fig. 3 


Write Cycle Time two 
Chip Enable to End of WRITE tow1,tewa . 
Address Valid to End of WRITE taw ‘| 120 | — | 100 | 


Address Setup Time tas | oO |] — | Oo | 


Write Enable Width tww 


ns 


Input Data Hold Time 


Output Active from End of Write tow 


tTime required by a limit device to allow for the indicated function. 


WRITE CYCLE 1 (CE1 CONTROL) 


‘we 
| AW twr 
cet TAU PN: NOS 
‘as eave 


a Les FOS 


Siig ag See NNN KZ 
MED MO, NEN 


DATA IN 


IN A CEi OR CE2 CONTROLLED WRITE CYCLE, THE OUTPUT BUFFERS 92CM-37204 


REMAIN IN A HIGH IMPEDANCE STATE, WHETHER OE IS HIGH OR LOW. 
TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. 


Fig. 3 - Write-cycle timing waveforms. 
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WRITE CYCLE 2 (CE2 CONTROL) 


—P' tas 


ce2 +/+ 
7 MASSA 


DATA our S S_S_ S Sd» lf f/f _/ 
fpf ff ff Wo XN 
tow tbH 
DATA IN 
IN A CE1 OR CE2 CONTROLLED WRITE CYCLE, THE OUTPUT BUFFERS 92CM- 37206 


REMAIN IN A HIGH IMPEDANCE STATE, WHETHER OE IS HIGH OR LOW. 
TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. 


WRITE CYCLE 3 (WE CONTROL) 


= Ws “ EZZZZZLZL. 


tas 


ee OD DME: 


RSNA 


t WHZ tow 
Sb SSS SS (ZZ. 
EE LO BE SE A SES NASA 
tow ' DH 
DATA IN 
IF OE IS HIGH DURING A WE CONTROLLED WRITE CYCLE, 92CS-37207 


THE OUTPUT BUFFERS REMAIN IN A HIGH IMPEDANCE STATE IN THIS PERIOD. 
TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. 


Fig. 3 - Write-cycle timing waveforms (cont'd). 
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DATA RETENTION CHARACTERISTICS at Ta = 0 to 70°C; See Fig. 4. 


CHARACTERISTIC 


Minimum Data Retention Voltage 


Von = 3 V, CE1,CE2 = 
Data Retention Quiescent Current IpbpbDR Von - 0.2 Vor CE2 <0.2 V 
ig 


Chip Disable to Data Retention Time tcor | SeeFig 4 | 
Recovery to Normal Operation Time tr See Fig. 4. 


*tac = Read Cycle Time. 


DATA RETENTION WAVEFORM 1 (CEi CONTROL) 


DATA RETENTION WAVEFORM 2 (CE2 CONTROL) 


Vop 


CE2 


CE2<02V 


; ae 92CM -37208 
Fig. 4 - Low Vpp Cata-retention timing waveforms. 
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Features: 


| 

2 
3 
4 
5 
6 
7 
8 
9 
0 
| 


and cycle time=1 us 


TOP VIEW 


92CS-29976RI , 
memory expansion 


‘m= Low operating current-8 mA at Vop=5 V 


= /ndustry standard pinout 
= Two Chip-Select inputs-simple 
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256-Word by 4-Bit LSI Static 
Random-Access Memory 


w 3-state data output for bus-oriented 
systems 
= Separate data inputs and outputs 


a Memory retention. for standby battery 


CDP1822, CDP 1822C 


Itage of 2 V min. 
TERMINAL ASSIGNMENTS Pets Sid LA 


The RCA-CDP1822 and CDP1822C are 256-word by 4-bit 
static random-access memories designed for usein memory, 
systems where high speed, low operating current, and 
simplicity in use are desirable. The CDP1822 features high 
speed and a wide operating voltage range. Both types have 
separate data inputs and outputs and utilize single power 
supplies of 4 to 6.5 volts for the CDP1822C and 4 to 10.5 
volts for the CDP1822. 


Two Chip-Setect inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output 
systems. The Output Disable input allows these RAMs to be 
used in common data Input/Output systems by forcing the 


OPERATIONAL MODES 


Read 


Standby 


Standby a aes 


Logic 1 = High Logic 0 = Low X = Don't Care 


INPUTS 


oe Select 1 | Chip Select 2 | Output Disable 
2 — — 
— 


Write oases ore 
i 


= Qutput-Disable for common I/O systems 


output into a high-impedance state during a write operation 
independent of the Chip-Select input condition. The output 
assumes a high-impedance state when the Output Disable 
is athigh level or when the chip is deselected by CST and/or 
CS2. 


The high noise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5-V 
operation, excellent system noise margin is preserved by 
using an external pull-up resistor at each input. 


The CDP1822 and CDP1822C types are supplied in 22-lead 
hermetic dual-in-line side-brazed ceramic packages (D 
suffix), in 22-lead dual-in-line plastic packages (E suffix). 
The CDP1822C is also available in chip form (H suffix). 


Read/Write OUTPUT 
—-An— 
Read 
Data In 


1 +3 High Impedance 
Xx | == Xs} High Impedance 


xx High Impedance 
Output Disable —=+| sx | SX Sid St Sid Xd High Impedance 
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-RECOMMENDED OPERATING CONDITIONS at Ta = Full Package-Temperature Range 
For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 


LIMITS 
CDP1822 CDP1822C 


DC Operating Voltage Range | 4 ie =O Sees o 
Input Voltage Range | ss | Von 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltage referenced to Vss Terminal) 


CHARACTERISTIC 


CDPTB22 fsck itis ota id eae eee WER ob Rak «ROWE ROE ERe HO APRA ee Pe ee Tee eee re ee eer eee -0.5to +11 V 
CDPIB2 2G oe scars encein gee cade Genet Sine hoes nd mS AS Awe Ba a oR hee Swng ans Doe dune with a date APNG Veta bale eee weave ake -0.5to+7V 
INPUT VOLTAGE BANGEVALLINPUTS 365 isa rteore sees a rida ee Wee hye eat g havela ease eras GORSe Ra Ree -0.5 to Von +0.5 V 
“DG INPUT CURRENT, ANY ONE-INPUT \ 3c euo cals dg cee sin shea ean ed Gin dane en aee Sane ot aero ee eles eae ag eek alee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
FOr Ta=-40 10 460°C (PACKAGE TYPE 2) iho. oc cisen epee ab a ne OSE RD RP PE EE Re ee et 500 mW 
FOr Ta=t60to +60° C (PACKAGE TYPE ©) casera it io cies cia tai ol eeeew miaekekeawoues Derate Linearly at 12 mW/°C to 200 mW 
For Tar-50.t0 + 100°C (PACKAGE TYPE D) nica gsuhcs oar ecs wean wee Us ke Soe we anes? Gales he eens a aesewas wae aan 500 mW 
For Ta=*+100 to +125" C (PACKAGE TYPE:D) b.ksceuk & fie oe eW ee ie ee Oe te epee head Ha ees Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@s) ......... cc cece cece eect ene e eee n eee eee eee eneneee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PAGKAGE “TYPE D5 oa oie Seed So eS iG E OSS SOAS a ne TELE S BEROSESae ETRE De Ee Oe eee oe ees -§5 to +125°C 
PACKAGE TYPE Boi ddccotsoee firene Behe a2 MOREA UN AOR LEE ERAS OE WOON CEG Rae aD DROS PERE Se Ee ees sone -40 to +85°C 
STORAGE TEMPERATURE - RANGE (Taig)sewvcce veep eeesees vaawd ov iildadd ovules wew sage erimeuey aNd chee e SA SeaNe es oeaeeea es -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. Locke cece cece cee eee eee eee eee e eee e eee e ene eaes +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Except as Noted 


TEST CONDITIONS LIMITS 
CHARACTERISTIC ole |e CDP1822 CDP1 622¢ UNITS 
Min. Type" | Maxe_| Mins 1 Typ" | Max. 


Quiescent Device 

Current, 

Output Voltage: 
Low-Level, 
High-Level, 


Input High Voltage, 


Output Low (Sink) 

cee tee 
Output High (Source) 
Current, ms 


Input Current, 


3-State Output 
Leakage Current 


Operating Current, 


Input Capacitance, Cw =f — [| — [| = [| = [ 5 | 75 | 
[Output Capacitance, Gor | — | — | — | — 1 0 | 15 


tOutputs open circuited; cycle time = 1 ps. 
“Typical values are for Ta = 25°C and nominal Vop. 


shea 
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CDP1822, CDP1822C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, 
Input t,,ty = 20 ns, Viz = 0.7 Vop, Vit = 0.3 Vpp, CL = 100 pF 


TEST | TEST CONDITIONS | LIMITS 


| TESTCONDITIONS | LIMITS 
i ae ee ee 
| [Mint | Typ. | Max. | Mint | Typ.” | Max. 
Read Cycle Times (Fig. 1) 


|ReadCycleTimes(Fig.1) 
Read Cycle tre 5 450 450 
insane AE OG F~7 Et BE bk Pd 
Access from Address taa 5 250 450 250 450 
ieee NE SOE kU EUS bend ed 
Output Valid from . 250 os 250 450 
Output Valid from 
fee Eee 
Output Disable tooas 10 110 — 
Output Hold from 5 20 
Output Hold from 5 20 
Output Hold from 
tTime required by a limit device to allow for indicated function. 
“Typical values are for Ta = 25°C and nominal Vpp. 


CHARACTERISTIC 


Ree ee ee ane > 


CHIP SELECT | 


CHIP SELECT 2 


OUTPUT DISABLE 


READ/WRITE 


DATA OUT DATA OUT 
VALID HIGH 


IMPEDANCE IMPE DANCE 


92CM- 30244R4 


Fig. 1 - Read cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tag = -40 to +85°C, Vpp +5%, 
Input t,,t¢ = 20 ns, Vip = 0.7 Vpp; VIL = 0-3 Vpp, CL = 100 pF 


CMOS Microprocessors, Memories and Peripherals 


TEST a | LIMITS 


CHARACTERISTIC [—scpP16822.—S—séds| Sprieze ~_|UNITS 
| ear pa Da DT pe 


Write Cycle Times (Fig. 2) 


Write aes 


fAderesSe-Up tw eee 

we Recovery 5 ine nF PALE TESS: 
. 250 

we wat = ee 

input Data ane 

Set-Up Time 10 

race tiaceaene 5 200 

hip-Select 1 Set- t 


Chip-Select 1 Hold 
Chip-Select 2 Hold 


5 200 


tTime required by a limit device to allow for indicated function. 
“Typical values are for Ta = 25°C and nominal Vpp. 


AO-A7 


CHIP-SELECT 2 ane 


READ/ WRITE. 


tas 


‘ 


%* tops |S REQUIRED FOR COMMON 1/0 


OPERATION ONLY, FOR SEPARATE 1/0 
OPERATIONS, OUTPUT DISABLE 1S DON'T CARE. 


Fig. 2 - Write cycle timing waveforms. 
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CDP1822, CDP1822C 


DATA RETENTION CHARACTERISTICS at Ta = -40 to +85°C, see Fig. 3 


TEST CONDITIONS LIMITS 
CHARACTERISTIC VpDpD CDP1 eee CDOP1 se UNITS 


Min. Data Retention 
Voltage, Vor 


Data Retention Quiescent 


Current, 

Chip Deselect to Data 
Retention Time, 
Recovery to Normal 
Operation Time, 

Vop to Vor Rise and 
Fall Time 


“Typical values are for Ta = 25°C and nominal Vop. 


= 
ee) 
DATA RETENTION z i b+ 2 
< Y S 
Yoo q 5 
0.95 Vop 0.95Vpp a Vg | 
WRITE 
READ 
ADDRESS 
> ADDRESS 
‘cor tre DECODER DECODER 
CSe 
V\ V 
Viry ae 
92CS-30805RI 
Fig. 3 - LOW Vop data retention timing waveforms. Yop VAGR BRED P RE 
Fig. 4 - Memory cell configuration. 
[~ CONTROL A | 


| | A 
CHIP-SELECT 
| | CONTROL 
cs2 | 


= | 
es eee ees a be 
FO CONTROL BB 
R/wsd | 
o20_| x i 8 
[_ | {CHIP-SELECT & 
SSS 2 Se oe =) conta 
- CONTROL c. | 
| OD 
| Isc 
OUTPUT | OUTPUT 
eult | >e : g DISABLE 
oisaBe| | | CONTROL = g2cu-30064R3 


Fig. 5 - Logic diagram of controls for CDP1822 and CDP1822C. 
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Srey ere, ce inl hoe gee ee ae ee er ee 
%4 (5) (32) | 
AoO 
3 INPUT ROW | 
ALO BUFFERS 224 
122 AND DEcop- ; ooo 
% | ALL ROWS ERS 
AZO DESELECT | 
a2 FUNCTION | 
| . | 
| (8 x32) (8 x32) (4) | 
9 STORAGE STORAGE lo® 
ah © -ARRAY BUFFER C ool 
26 poz 
3 
at Shit 44003 
Pa 
164 D04 
BIT (1) BIT (2) BIT (3) BIT(4) l 
| 
(8) | 
COLUMN | 
DECOD- 
DESELECT ~ TERS | 
FUNCTION | 
A 
12 O Veg 
C | 
| 
| 
a cea Sa AE ca ae ag Nes Se ee dd cee ede 
VoD Vob 
Vv. , Vv 
* ss 7 ss rs Vss 92CL- 30063R! 
INPUT PROTECTION OUTPUT OVER VOLTAGE 
NETWORK PROTECTION PROTECTION 
CIRCUIT CIRCUIT 


Fig. 6 - Functional block diagram for CDP1822 and CDP1822C. 


yah MAO-7 MAO-7 
pet MWR 5 
CPU fo 8 
 CDPI802 e7eMRD | 
B) Bus 0-7 _ 8 
U Si 2 
ae és 
TPA MAQ-7 
i 
4) pus | 
0-3 
BUS BUS 
4-7 4| |4-7 
EE CN 


MNwo- VOO 


4 
| zl - 
gore eral] 


[?) 
w 
nN 


92CL - 29060RI 


Fig. 7 - 4-kilobyte RAM system using the CDP1858 and CDP1 822. 
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w Fast access time: 
450 ns at Vop= 5 V; 
250 ns at Voo = 10 V 


BUS O 1 
BUS | 2 
BUS 2 3 
BUS 3 4 
BUS 4 5 
BUS § 6 
BUS 6 7 Features: 
7 8 
9 


TOP VIEW 


9208-28703 
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128-Word x 8-Bit Static 
Random-Access Memory 


= Common data inputs and outputs 
= Multiple-chip select inputs to simplify 


memory system expansion 


TERMINAL ASSIGNMENT 


The RCA-CDP1823 and CDP1823C are 128-word by 8-bit 
CMOS SOS static random-access memories. These mem- 
ories are compatible with general-purpose microprocessors. 
The two memories are functionally identical. They differ in 
that the CDP1823 has a recommended operating voltage 
range of 4 to 10.5 volts, and the CDP1823C has a 
recommended operating voltage range of 4 to 6.5 volts. 


The CDP1823 memory has 8 common data input and data 
output terminals for direct connection to a bidirectional 
data bus and is operated from a single voltage supply. Five 
chip-select inputs are provided to simplify memory-system 
expansion. In order to enable the CDP1823, the chip-select 
inputs CS2, CS3, and CS5 require a low input signal, and 


OPERATIONAL MODES 


Function 


READ 


a To 


the chip-select inputs CS1 and CS4 require a high input 
signal. 


The MRD signal enables all 8 output drivers whenin the low 
state and should be in a high state during a write cycle. 


After valid data appear at the output, the address inputs may 
be changed immediately. Output data will be valid until 
either the MRD signal goes high, the device is deselected, or 
taa (access time) after address changes. 


The CDP1823 and CDP1823C are supplied in hermetic 24- 
lead dual-in-line ceramic packages (D suffix), and in 24- 
lead dual-in-line plastic packages (E suffix). 


Bus Terminal State 
Storage State of 


MWR CS1 CS4 
Xx 1 1 Addressed Word 
za aa 


Input High-Ilmpedance 
High-lImpedance 


aoe 
eo X 
x High-Impedance 
Ee ae ee ae ae ee 
Logic 1 = High Logic 0 = Low X = Don't Care 
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CDP1823, CDP1823C 


OPERATING CONDITIONS at Ta = FULL PACKAGE-TEMPERATURE RANGE 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CMOS Microprocessors, Memories and Peripherals 


CHARACTERISTIC 


Recommended Input Voltage Range Vss VDD Vss 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(All voltage values referenced to Vss terminal) 


ODPIOZ2 8 ati et 2a Sora a ena engrunb ia teats ea Ou ae OM Ma eae 4 o-eeE hae RE -0.5to +11V 
COR T6286 asain iwi 0h. Sod PX ie OG we Nae Aa alos Wien Sue Sas cee heals on -0.5to +7V 
INPUT VOLTAGE RANGE, ALLINPUTS .......... 0. cece eee eee ee eee —0.5to Vpp + 0.5 V 
DC INPUT CURRENT, ANY ONEINPUT ............. ccc cence cence cence eee etereeves +10mA 
OPERATING-TEMPERATURE RANGE (Ta): 
CERAMIC PACKAGES (D SUFFIX TYPES)............ 0c. cece eee eee eee eae —55to + 125°C 
PLASTIC PACKAGES (E SUFFIX TYPES). ...... 0.0... ccc eee eee eee ees —40to +85°C 
STORAGE TEMPERATURE RANGE US 0 | —65to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S max........... 0c cee ees + 265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ts = -40 to + 85°C, Except as noted 


Quiescent Device — 
Current, loo 1000 
Output Voltage: 
Low-Level, 
High-Level, 


0.1 — 


05/5 |491 5 ee 
|= ol wo fee | wo | — | 
Input Low Voltage, Vit |0.5,4.5 5 1.5 1.5 
iaasiaeacaes > 4 ah ed > SE Fal bal 
Input High Voltage, Vin |0.5,4.5 So: a5 
reetinennone osaa| — || 7 | — | - [=| —| = 
Output Low (Sink) 0,5 

cunent ta. | 08 fovo| wol4s| o | — | —|~ | — | ma 
Output High (Source) 05); 5 | -1 
Gar toe| 98 foro| 10 -2a|-ae| — | —| — 
ee Tinpteloro| ro | — | — | evo] —| — |= 
Input |0,10] 10 +10 —_ “ik 
3-State Output 05 1/05] 5 +5 +5 
ea 16 
bea 


[input Capactance, Cn| —_ ie ee ee 


Output Capacitance, 
Cour 10 15 10 15 


tOutputs open circuited; cycle time = 1 ws. 
*Typical values are for T, = 25°C and nominal Vppo. 
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CDP1823, CDP1823C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40to + 85°C, Vpp + 5%, 
tr,t¢ = 20 ns, CL = 100 pF. | 


VpD LIMITS 
CHARACTERISTIC = |_y) Cpp1623__—|. ~CDP1823C _| UNITS 
[ Min. | Typ.* | Max. |Min.t|Typ.* |Max.| 


Read Cycle (See Fig. 1) 
Access Time From 5 275 275 
so | aso | — | 
Chip Select, tDOA 10 100 | 150 — 
MRD to Output 150 | 250 
; 
bai Bs 
After Read, tDOH 10 
“Typical values are at Ta = 25°C and nominal voltage. 
tTime required by a limit device to allow for the indicated function. 


— NO 

ao 
ake: ck 
Oo Oo 
Oo Oo 
-— NO 
a ao 
om) 


i 
eee css $35 og 
\ 


CS1,CS4 


—*| toon 


THREE KEG wwe Pe 


NOTE : MWR IS HIGH DURING READ OPERATION. QcCM~31942RI 
TIMING MEASUREMENT REFERENCE !S 0-5 Vpp: 


DATA OUT 


Fig. 1 - Read cycle timing diagram. 


604 CMOS Microprocessors, Memories and Peripherals 
CDP1823, CDP1823C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40to + 85°C, Vbb + 5%, 
tr,t¢ = 20 ns, CL = 100 pF. 


- CCST 
CHARACTERISTIC CDPi623 cop tazeG UNITS 
| Min. tT) Typ.* | Max. |Min.|Typ. *| 


Write Cycle (See Fig. 2) 


5 75 75 

Write Recovery, tWR 
rweenes oe [27 S[= [STE 
cinta =] a ad 
Write Pulse 200 

Width, twRW : 100 

Address 125 125 

Setup Time, tAS Fs 75 

Data Fi es 100 

Setup Time, tDS 

Data Hold Time 3 75 

From MWR, tpH : 50 
“Typical values are at Ta = 25°C and nominal voltage. 

tTime required by a limit device to allow for the indicated function. 


CSI ,CS4 


CS2,C53,055 


BUS 0-7 


AUCUCCRCCEN) QD 


NOTE : MRD MUST-BE HIGH DURING WRITE OPERATION 


ea 


92CM-31943RI 


Fig. 2 - Write cycle timing diagram. 


z 
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CDP1823, CDP1823C 


DATA RETENTION CHARACTERISTICS at T, = —40 to +85°C; see Fig. 3 


LIMITS 


CDP1823 CDP1823C UNITS 
ae 
00 |e) [wn] ree] wo | | rye] an 


Min. Data Retention 15 1.5 
ote ve ||| EE TLE 
Data Retention Quiescent 30 100 30 100 LA 
owen we | |] tf 
Chip Deselect to Data 600 
wewnentine,x_|— | [oo| | — [=| = | — 
ies eg oF el bed Phy 
Operation Time, 10 300 
Vop to Vor Rise and Us 
Fall Time tr te 


“Typical values are for T, = 25°C and nominal Vop. 


CHARACTERISTIC 


DATA RETENTION 
MODE 
Vop 


0.95 Vpp 0.95 Vop 


'coR tre 
CS2 
Vin ViH 
Vin VEL 


92CS-30805RI 


Fig. 3 - Low Vpp Cata retention timing waveforms. 


BUFFER 
AND 
DECODER 


BUFFER 


css 92CS- 28953 


Functional Diagram 


Fig. 4 - Functional diagram. 
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CDP1823, CDP1823C 


CPU/ROM SYSTEM RAM INTERFACE RAM SYSTEM 


ADDRESS 


MAO -MA6 


BUSO- BUS7 BUSO — BUS7 BUS O- BUS7 


| RAM 


CPU ROM | RAM 
CDP1802 CDPI833 | | CDP1823 
" 92CM-33515 


Fig. 5 - CDP1823 (128 x 8) minimum system (128 x 8) 


Random-Access Memories (RAMs) 
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CDP1824, CDP1824C 


32-Word x 8-Bit Static 


, { 
2 
| 3 
7 4 
5 
| 6 Features: 
: ms Access time: 
9 710 ns at Vpp=5 V: 
| TOP VIEW 320 ns at Vop=10 V 


92CS- 27568 


Terminal Assignment 


The RCA-CDP1824 and CDP1824C types are 32-word x 
8-bit fully static CMOS random-access memories for use in 
CDP1800 series microprocessor systems. These parts are 
compatible with the CDP1802 microprocessor and will 
interface directly without additional components. 


The CDP1824 is fully decoded and does not require a 
precharge or clocking signal for proper operation. It has 
common input and output and is operated from a single 
voltage supply. The MRD signal (output disable control) 


Random-Access Memory 


mw No precharge or clock required 


enabies the three-state output drivers, and overrides the 
MWR signal. ACS input is provided for memory expansion. 


The CDP1824C is functionally identical to the CDP1824. 
The CDP1824 has an operating range of 4 to 10.5 volts, and 
the CDP1824C has an operating voltage range of 4 to 6.5 
volts. The CDP1824 and CDP1824C types are supplied in 
18-lead hermetic dual-in-line ceramic packages (D suffix) 
and in 18-lead dual-in-line plastic packages (E suffix). 


OPERATIONAL MODES 


ial tt ie Dame 


x 
on Data 
Input: Output 


et 


Output: High/ 


Low Dependent 


| x. | Output Disabled: 
High- 
Impedance State 


Logic 1= High LogicO=Low X= Don't Care 
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CDP1824, CDP1824C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(All voltage values referenced to Vgg terminal) 


CMOS Microprocessors, Memories and Peripherals 


CDP1824. 2. 1. ww we ee 0.5 to #97 V 
Cpp1824c .. . Dh tonal ee 8 Oh me te OB 4O47V 
INPUT VOLTAGE RANGE, ALLINPUTS . _. Loe ee ee ee 60,5 tO Vp +05 V 
DC INPUT CURRENT,ANYONEINPUT. ....... 0.0 Oe ETO MA 
OPERATING-TEMPERATURE RANGE (Ta): 
CERAMIC PACKAGES (DSUFFIX TYPES)... .. .. . . . . sy) =B5 to +125°C 
PLASTIC PACKAGES (ESUFFIXTYPES) ...... .. . . ee 4 —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tg) . . 1 1 7 ww we ew. 65 to 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. . . oo. yy #265°C 


OPERATING CONDITIONS at Tq = Full Package-Temperature Range 


For maximum reliability, operating conditions should be selected so that operation is 
always within the following ranges: 


CONDITIONS LIMITS 


Range 


Input Signal Rise or Fall Time,4 


ty ts 


4 Input signal rise or fall times longer than these maxima can cause loss of stored data in either the 
selected or deselected mode. 


STATIC ELECTRICAL CHARACTERISTICS at Ts = —40 to + 85°C, Except as noted 


CONDITIONS LIMITS 


Me Oe Pee as ie ee TA UNITS 
Min. | Typ." | Max. | Min.|Typ.* |Max._ 


(V) 
/so|— | 2s0| soo] ||| 
Current, lop ea iicet 10 = 
peta vol w{—|ofer-[2|~ 
Low-Level, Vor cet 10 0.1 = 
High-Level, 05/5/49] 5 ze 4.9 hes 
| = |oto| wo [20 | to 

Input Low Voltage, Vit |0.5,4.5 5 1.5 1.5 

cn be eee 
Input High Voltage, Vin |0.5,4.5 5 | 3.5 
iain a ES i el bd el 
Output Low (Sink) 04,05); 5 | 1.81) 2.2 1.8 
Pcuren, ta| 08 [oro] 10 |36| «8 | — | —| =| — | ma 
Output High cat 4.6 a 5 |-0.9] -1.1 -1.1 
Input Current, Any | 0,5 0, +1 +0.1; +1 
dP el =) i Dl 
3-State Output 0,5 : 5 +0.2 Fa oe pea 
P Tatkage Guero} 0.0 [ovo] 0 | — [soa] 
Operating Current,loo:t 0,5 Hi a 
ime AH : 
Input | Input Capacitance, Cin. Cn} — 
Output Capacitance, 
iis ™ 9 eS OO EE 


tOutputs open circuited; cycle time = 1 ws. 
“Typical values are for Ta = 25°C and nominal Vopo. 


CHARACTERISTICS 
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CDP1824, CDP1824C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty, = —40 to +85 °C, Vpp +5%, 
Input t,, ts = 10 ns, C; = 50 pF, Ry = 200 k{2; See Fig. 1. 


LIMITS U 


TEST N 
CHARACTERISTIC | Gonpi tions CDP1824D CDP1824cD_—s |, 
Vop CDP1824E CDP1824cE__|+ 


(V) 


|Min.#| Typ.° | Max.|Min.#} Typ.®] Max.|s 
Read Operation 


Access Time From 400 710 710 © 
Address Change, tan 200 320 = 

Access Time From 710 710 
Chip Select, too, 320 as 

Output Active From 300 710 300 710 
MRD, tam 150 320 _ - 

+ Time required by a limit device to allow for the indicated function. 


e Time required by a typical device to allow for the indicated function. Typical values are for 
Ta = 25 Cand nominal Vpp. 


MRD 
-+—— taa 

MA 
cs 

Le r. 4 MINIMUM TIMING FOR 

DOA VALID DATA QUTPUT 

ee C~*=CONGGEERR-T'IME 
ees HIGH IMPEDANCE INITIATE AN EARLIER, 


BUT INVALID OUTPUT. 
READ OPERATION TIMING DIAGRAM 
92CS-34739 


Fig. 1 - Read cycle timing diagram. 


Note: , 
The dynamic characteristics and timing dia- 


roars tas =4.5t, 
grams indicate maximum performance capa- 
bility of the CDP1824. When used directly tpH=1.0t, ( Data transfers from 
with the CDP1802 microprocessor, timing tps = 5.5 t, CDP1802 to memory 
will be determined by the clock frequency MRD occurs one clock period (t,) earlier 
and internal delays of the microprocessor. than the address bits MAO-MA7. 7 
The following general timing relationships 1 
will hold when the CDP1824 is used with the Vie 
CDP1802 microprocessor: CDP1802 clock frequency 
tww=2t The CDP1824 is capable of operating at the 
C maximum clock frequency of the CDP1802 
taH = 1.0t, microprocessor. 
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CDP1824, CDP1824C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = —40 to +85°C, Vpp +5%, 
Input t,, tp = 10 ns, Cy = 50 pF, Ry = 200 kQ; See Fig. 2. 


LIMITS 


CMOS Microprocessors, Memories and Peripherals 


Chip Select 425 
Setup Time, tes 215 


Address Setup 640 
390 
x Time required by a limit device to allow for the indicated function. 


@ Time required by a typical device to allow for the indicated function. Typical values are for 
) 
Ta = 25 Cand nominal Vpp. 


MA 
ts 
tcs ——-| 
Peres twRw 
MWR \ y, 
tos toH 
BUS 


WRITE OPERATION TIMING DIAGRAM 
92CS-34740 


Fig. 2 - Write cycle timing diagram. 
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CDP1824, CDP1824C 


DATA RETENTION CHARACTERISTICS at T, = —40 to +85°C; See Fig. 3. 


TEST CONDITIONS 

V mares ries UNITS 
| DD 
ia 7 (V) 


Data Retention Quiescent 

Current, lop VpoR= 2.5V 10 MA 
Chip Deselect to Data 600 

Retonvon time. *cpR icc Hae 
Recovery to Normal 7 5 600 


CHARACTERISTIC 


~ DATA RETENTION — 
MODE 


* 
tr ,tf>lus 92CS - 30629 


Fig. 3 - Low Vop Gata retention waveforms and timing diagram. 


ADDRESS 32 X 8 BIT 
DECODER ARRAY 


BUS BUS BUS BUS BUS BUS BUS BUS 
7 6 5 4 3 2 4 9O 


FUNCTIONAL DIAGRAM 


92CS-2759IRI 


Fig. 4 - Functional diagram. 
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CMOS Microprocessors, Memories and Peripherals 


CPU/ROM SYSTEM RAM SYSTEM | 


ADDRESS 


MAO -MA6 


Cs 
BUS O- BUS7 


CEO 
BUSO- BUS7 BUSO — BUS7 


CPU ROM RAM 
coP1802 CDP1833 cb1824 
92CS-34741 


Fig. 5 - CDP1824 (128 x 8) minimum system (128 x 8) 


Random-Access Memories (RAMs) 


Features: 


| 

2 
3 
4 
5 
6 
7 
8 
9 


TOP VIEW 


9208-34034 decoding needs 
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CDP1826C 


CMOS 64-Word x 8-Bit Static 
Random-Access Memory 


m /deal for small, low-power RAM Memory requirements 
in microprocessor and microcomputer applications 

gm Interfaces with CDP1800-series microprocessors 
without additional address decoding 

m Daisy chain feature to further reduce external 


m Multiple chip-select inputs for versatility 


TERMINAL ASSIGNMENT 


m Single voltage supply 


m No clock or precharge required 


The RCA CDP1826C is a general-purpose, fully static, 64- 
word x 8-bit random-access memory, for use in CDP1800 
series or other microprocessor systems where minimum 
component count and/or price performance and simplicity 
in use are desirable. 


The CDP1826C has 8 common data input and data-output 
terminals with 3-state capability for direct connection to a 
standard bi-directional data bus. Two chip-select inputs — 
CS1 and CS2 — are provided to simplify memory-system 
expansion. An additional select pin, CS/A5, is provided to 
enable the CDP1826C to be selected directly from the 
CDP1800 multiplexed address bus without additional latch- 
ing or decoding. In an 1800 system, the CS/A5 pin can be 


CLEAR WAIT 


tied to any MA address line from the CDP1800 processor. A 
TPA input is provided to latch the high-order bit of this 
address line as a chip-select for the CDP1826C. If this 
CS/AS5 input is latched high, and if CS = 1 and CS2=Oat the 
appropriate time in the memory cycle, the CDP1826C will 
be enabled for writing or reading. Inanon-1800 system, the 
TPA pin can be tied high, and the CS/A5 pin can be used as 
a normal address input. 


The six input-address buffers are gated with the chip-select 
function to reduce standby current when the device is dese- 
lected, as well as to provide for a simplified power down 
mode by reducing address buffer sensitivity to long fall 
times from address drivers which are being powered down. 


| DMA-IN_ DMA-OUT 


8-BIT BIDIRECTIONAL DATA BUS 


52CM-34043 


Fig. 1 - Typical CDP1802 microcprocessor system. 
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CDP1826C 


Two memory control signals, MRD and MWR, are provided 
for reading from and writing to the CDP1826C. The logic is 
designed so that MWR overrides MRD, allowing the chip to 
be controlled from a single R/\ R/W line. 


For such an interface, the MRD line can be tied to Vss, with 
the MWR line connected to R/W. 


A CHIP ENABLE OUTPUT is provided for daisy-chaining to 
additional memories or I/O devices. This output is high 
whenever the chip-select function selects the CDP1826C, 
which deselects any other chip which has its CS input 
connected to the CDP1826C CEO output. The connected 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vss Terminal) ............ cece cece eceee 
INPUT VOLTAGE RANGE, ALL INPUTS..............0 0c cece eee 
DC INPUT CURRENT, ANY ONE INPUT ............. 00 cece ee eees 


POWER DISSIPATION PER PACKAGE (Pp): 


For Ta = -40 to + 60°C (PACKAGE TYPE E) ................-6. 
For Ta = + 60.10: +85°C (PACKAGE TYPE. E) i. vecacswaesyenea 
For Ta = —55 to + 100°C (PACKAGE TYPE D) ......0s seas ceeess 
For Ta = +100 to + 125°C (PACKAGE TYPE D) ................ 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


chip is selected when the CDP1826C is de-selected and the 
MRD input is low. Thus, the CEO is only active for a read 
cycle and can be set up so that a CEO of another device can 
feed the MRD of the CDP1826C, which in turn selects a third 
chip in the daisy chain. 


The CDP1826C has a recommended operating voltage of 
4.5 to 5.5 V and is supplied in 22-lead hermetic dual-in-line 
side-brazed ceramic packages (D suffix), in 22-lead dual- 
in-line plastic packages (E suffix). The CDP1826C is also 
available in chip form (H suffix). 


For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package TypeS) ............ ccc cece ce eee cere cee e cent eee nee seanee 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PROKAGECTY PE: Ds dorsctnicnsie aerate eats ae tay Seanad agaist 


PACKAGE TYPE E 


LEAD TEMPERATURE (DURING SOLDERING): 


a 


STORAGE TEMPERATURE RANGE (Taig) ...-.... cee cece ec eeeees 


Al distance: i/ 16s: 4732 Inch (159 a: 0.79 mim): frony-6ase Tor 10'S Max: cove -is:0'ea Dante Se Keaeh Se Saas a end ae ee ea + 265°C 


RECOMMENDED OPERATING CONDITIONS at 7, = Full Package Temperature Range. 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


Input Signal Rise or Fall Time 
Vop =5V 


DC Operating Voltage Range Se ee V 
Input Voltage Range ee ee ee 


LIMITS 
CDP1826C UNITS 
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CDP1826C 


STATIC ELECTRICAL CHARACTERISTICS at T, = —-40 to + 85°C, Vpop = 5V + 5% except as noted 


ss ae eee 
| CDP1826C———C*=D UNITS 
—.scse 
Quiescent Device ae 
0 iVop 
ae 
Output Low Drive 0.V 3. baat 
(Sink) Current 1.6 
ee ees Drive aus = = -1.5 
O - t a 
utpu age 0.Voo 
Low Level 
Output Voltage 
0,V Vpp-0.1 
High Level Sec 


aa Che a |InputLow Voltage = |InputLow Voltage = 
Input High }Input High Voltage Vn | 


Input Leakage Current 0,V 
3-State Output lout 
0,V 0,V 
Leakage Current Et 


Operating Device lorpert 
0, | Ove0 | 
Current 


Input 
Capacitance 
Output C 
p | OUT 0.Voo 
Capacitance 


eTypical values are for Ta = 25°C and nominal Vpp. 
t+tOutputs open circuited; cycle times = 1 ws. 


CHARACTERISTIC 


Signal Descriptions transition of the TPA input. Tie TPA high to disable the 
A0-A4, CS/A5 (Address Inputs): CS/A5 latch feature. 
These inputs must be stable prior to a write operation, CS1, C52 (Chip Selector): 


but may change asynchronously during Read operations. ees 
Either chip select (CS1 or CS2), when not valid, powers 


In an 1800 system, the multiplexed high-order address down the-chi 
; eae ; p, disables READ and WRITE functions, and 
bit at pin CS/A5 can be latched at the end of TPA. A gates off the address and output buffers. 


high level will provide a valid chip select for the 


CDP1826C. The low-order address bit which appears MRD, MWR: Read and Write control signals. MWR 
after TPA is used for data word selection. In non-1800 overides MRD, allowing the CDP1826C to be controlled 
systems, TPA can be tied high to disable the latch and from a single R/W line. 
allow the CS/A5 pin to function as a normal address 
input. CEO (Chip Enable Output): 

Allows daisy chaining to additional memories. CEO is 
BUS 0 — BUS 7: 8-bit 3-state common input/output high whenever the CDP1826C is selected. CEO is only 
data bus. active (low) for a Read cycle with the CDP1826C 
TPA: High-order address strobe input. The high-order deselected and the MRD input low. 
address bit at input CS/AS5 is latched on the high-to-low Voo, Vss: Power supply connections. 
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BUS O 
AO 4 — BUS | 
Al BUS 2 
AG ADDRESS me x || cane BUS 3 
oe aponeee me DECODE — MATRIX wae 
A4 BUS 5 

a ie a 
BUS 7 

TPA 
cs! 

cso 

MWR 

MRD a CEO 


92CM- 34044 


Fig. 2 - Functional diagram. 


a0 woe WLU LU UU LLL Uk 


A5 = 
‘ { 
TPA _! ' 
i 
MRD 
1 t 
CEO ' 
t 
' | | 
BUS te VALID DATA VALID DATA 
| ' l 
| I 
RAM CYCLE (RAM SELECTED) ROM CYCLE (RAM DESELECTED) 
i te 92CM-34048 


OPERATING MODES 


roeren [a | wo [ese] vox [xno eo 


WRITE 
READ 
DESELECT 
DESELECT 
DESELECT 
DESELECT 
DESELECT 
WRITE 


READ 
DESELECT 


DESELECT 
DESELECT 


CDP!I800 MODE 


MODE 


NON—CDPI800 


# FOR CDP1800 MODE, REFERS TO HIGH ORDER. MEMORY 


ADDRESS BIT LEVEL AT TIME WHEN TPA {1 TRANSITION 
TAKES PLACE 


Fig. 3 - Chip Enable Output timing waveforms for CDP1800-based systems. 
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CDP1826C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = —40 to + 85°C, Von = 5 V£5%, 
Input t,t = 10 ns; CL = 50 pF and 1 TTL Load 


| LIMITS 
CHARACTERISTIC CDP1826C UNITS 
: i oe Seas ea a 


Read — Cycle Times (Figs. 4 and 5) 


Address to TPA Setup 100 
tasH 
Address to TPA Hold 100 
taH 
Access from 
500 1000 
AERIS te 
Output Valid from be 
1 
ee 
Access from 
500 1000 

Chip Select a 
CEO Delay from 

TPA 4 Edge 

MRD to CEO [MAD to CEO Delay ts 

hiihelsnalen aE i High Z from. 

Invalid MRD 
Output High Z from 
Chip Deselect tsHz 


tTime required by a limit device to allow for the indicated function. 
eTypical values are for Ta = 25°C and nominal Vopp. 


HIGH ORDER 
ADDRESS BYTE LOW ORDER ADDRESS BYTE 


tAA 


OR LLL LIL LZ 
MMU GU, eo 
Poe HIGH IMPEDANCE 


tam 
92CM-37721 


Fig. 4 - Timing waveforms for Read-cycle 1. 


618 , CMOS Microprocessors, Memories and Peripherals 


CDP1826C 


LOW ORDER ADDRESS BYTE 


taA 


WR LLL LLL KIL 


tRHZ 


Ln EZ 


—ai— tsHz 


HIGH IMPEDANCE 
BUS VALID DATA 


tam . 
92CM-37722 


Fig. 5 - Timing waveforms for Read-cycle 2 [TPA-High]. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta, = -40 to + 85°C, Von = 5 V +5%, 


LIMITS 
CHARACTERISTIC CDP1826C 


Input t,t} = 10 ns; CL = 50 pF and 1 TTL Load 


Write-Cycle Times (Figs. 6 and 7) 
Address to TPA Setup, 

High Byte tasH 
Address to TPA Hold 


Address Setup 
Low Byte 


tcs 
Px cneemaniiliitucd car wnbens cma taecies 
tww 
mae i Pa 


Write Recovery 


Data Setup 


Data Hold from 
End of MWR | ton1 

Data Hold from 125 
End of Chip Select 


tTime required by a limit device to allow for the indicated function. 
eTypical values are for Ta = 25°C and nominal Vpp. 
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CDP1826C 


HIGH ORDER j 
AO-AS 4/4) ADDRESS BYTE LOW ORDER ADDRESS BYTE YUH; 
tasH tAH tASL twR 


TPA t 


92CM-37719 


Fig. 6 - Timing waveforms for Write-cycle 1. 


AOQ-A5 


LLL. 


popoece ayes LOW ORDER ADDRESS BYTE 


LL 


ALATA AT) CL CALS 


92CM- 37720 


Fig. 7 - Timing waveforms for Write-cycle 2 [TPA=High]. 
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DATA RETENTION CHARACTERISTICS at 7, = —-40 to + 85°C; see Fig. 8 


CHARACTERISTIC 


Min. Data Retention 
Data Retention Quiescent 
Current 


Chip Deselect to Data 
Retention Time 


Recovery to Normal 
Vop to Vopr Rise and 
Fall Time 


DR 
lop 


eTypical values are for Ta = 25°C and nominal Vop. 


DATA RETENTION 
MODE 
Vpp 


0.95 Vpp 


92CS-30805RI 


Fig. 8 - Low Vpp data retention timing waveforms. 
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CDP68HC68R1, CDP68HCE68R2 


CMOS 128-Word (CDP68HC68R1) and 


TERMINAL ASSIGNMENT 


256-Word (CDP68HC68R2) by 


8-Bit Static RAMs 


ScK 9 Migs Features: 
ite ‘ oi a Fully static operation # /nput data and clock buffers 
ee E - = Operating voltage range: gated off with chip enable 
oe 3Vto5.5V = Automatic sequencing for fast 
Vss a > 2 a Typical standby current=1 yA multiple-byte accesses 
TOP VIEW a Directly compatible with = Low minimum data retention 


92CS-37865 


state data output pins 


The RCA CDP68HC68R1 and CDP68HC68R2 are 128-word 
and 256-word by 8-bit static random-access memories, 
respectively. The memories are intended for use insystems 
utilizing asynchronous serial three-wire (clock, datain, and 
data out) interface where minimum package size, inter- 
connect wiring, low power, and simplicity of use are 


desirable. These parts will interface directly with RCA’s | 


CDP68HC05D2' and CDP68HC05C4- microcomputers 
(providing the CPHA and CPOL bits in the microcomputers’ 
SPI Control Register are properly set). The CDP68HC68R1 


TRUTH TABLE 


DISABLED a — ses 
& RESET ae DISABLED 


RCA/Motorola SPI bus 
= Separate data input and three- 


voltage: 2 V 
= Wide operating temperature 
range: —40°C to +85°C 


and CDP68HC68R2 are also compatible with general- 
purpose microcomputers, including RCA’s CDP1804A, 
CDP6805 family, and CDP68HC04 family’, by utilizing I/O 
bits for the SPI (Serial Peripheral Interface) bus. Other 
industry microcomputers such as the 80C51 can also 
interface to these serial RAMs. 


The CDP68HC68R1 and CDP68HC68R2 are supplied in 
8-lead plastic Mini-DIP packages (E suffix). 


ee 
MISO 
HIGH Z 
DATA BIT CURRENT 
LATCH DATA BIT 
x NEXT DATA 
BIT 


NOTE: MISO remains at a High Z until 8 bits of data are ready to be shifted out during a Read and 


it remains at a HIGH Z during the entire Write cycle. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vopp): 


CMOS Microprocessors, Memories and Peripherals 


(All voltage values referenced to Vss terMiNal) 2.0... . cece cc cee ee ee eee ee ee eee ee ee ee eee eee eee eee eaten eens -0.5 to +7 V 
INPUT VOETAGE RANGEL ALLINPUTS isccs ocean tic teas premiera ante he cnd bea deeceweey os SOR ESS ACR eee a4 -0.5 to Vop +0.5 V 
DC:INPUT GURRENT, ANY ONE INPUT s clicserisscatee cd doh iiss Secade di chee lesa ares bea sleep eeataned eeew ieee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta=-40 to +60°C (PACKAGE TYPE E) ........ cc ccc cece cece ee ee ences st dives Haba Gp MSC RI AAR OY RR ER OE LEY 500 mW 

For Ta=760 10.485" C (PACKAGE. EYPE E). cess adx dec cva cage cutee a seiseesce ated eeeswee es Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta=FULL. PACKAGE- TEMPERATURE RANGE + 6viscdin ees eheevn eo kaw Gb ow so ieaee ieee wen peeeu tee vaw wale Saree ees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE. TYPE IB ce irneek dete Mew aaeinhs Sa peas Pe eee ese bahay en area nn oa ey ae eee shee ees -40° to +85°C 
STORAGE TEMPERATURE-RANGE (FT stg) toes Sawa ewceene < eae siieins ch waee eee eee eed ay ee eee eas exter ae’ -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 0.79 mm) from case for 10S MAX. ooo cece cece ce cece ee eee eee ee eee eee teen teen eeeens +265°C 


OPERATING CONDITIONS at Ta = -40° to +85°C 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC ALL TYPES UNITS 


DC Operating Voltage Range 5.5 


Input Voltage Range Vin Vo +0.3 V 
Viu 


Serial Clock Frequency — fsck 
Vop=3 V 1.05 


7 ae eee eee TERN aie us 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp = 3.3 V +10%, Except as Noted 


LIMITS 


CHARACTERISTIC CONDITIONS CDP68HC68R1 CDP68HC68R2 UNITS 


Standby Device Current 

lops 

Output Voltage High Level 

Von 

utput Volt L 

eo p oltage Low Level lor=0.4 MA, Vop=3 V 
OL 


Input Leakage Current, lin = 
3-State Output 

Leakage Current, lout 
Operating Device Current 

P g Vin=Vir, Vin 


lopen* 


Input Capacitance, Cin Vin=0 V, f=1 MHz, Ta=25°C 


*Typical values are for Ta=25°C and nominal Vpp. 
#Outputs open circuited; cycle time=Min. tcycle, duty=100%. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp = 5 V + 10%, Except as Noted 


CHARACTERISTIC CONDITIONS 

Standby Device Current 
lpps 

Output Voltage High Level 
Von 

Output Voltage Low Level 
Vou 

Output Voltage High Level 
Vou 

Output Voltage Low Level 

“Vor 

Input Leakage Current, lin 

3-State Output 
Leakage Current, lour 

Operating Device Current 
loper® 

Input Capacitance, Cin 


Vin= Vit, Vin 


*Typical values are for Ta=25°C and nominal Vpp. 
#Outputs open circuited; cycle time=Min. teycle, duty=100%. 


PIN SIGNAL DESCRIPTION 


SCK (Serial Clock Input)* - This input causes serial data to 
be latched from the MOSI input and shifted out on the MISO 
output. 

MOSI (Master Out/Slave In)* - Data bytes are shifted in at 
this pin most significant bit (MSB) first. 

MISO (Master In/Slave Out)* - Data bytes are shifted out at 
this pin most significant bit (MSB) first. 

SS (Slave Select)* - A negative chip select input. A high 
level at this input holds the serial interface logic in a reset 
state. 

CE (Chip Enable)** - A positive chip enable input. A low 
level at this input holds the serial interface logic in a reset 
state. 

CE : SS - This is a logical function of CE and SS used 
throughout this data sheet to simplify diagrams. CE: SS =1 
when pin 5 is low and pin 6 is high. CE: SS = 0 at all other 
times. 


*These inputs will retain their previous state if the line driving them 
goes into a HIGH-Z state. 
**The CE input has an internal pull-down device—if the input is 
driven to a low state before going to a HIGH Z. 


FUNCTIONAL DESCRIPTION 


‘The Serial Peripheral Interface (SPI) utilized by the 
CDP68HC68R1 and CDP68HCE8Rz, is aserial synchronous 
bus for address and data transfers. The clock, which is 
generated by the microcomputer, is active only during 
address and data transfers. In systems using the CDP- 
68HC05C4 or CDOP68HCO5D2, the inactive clock polarity is 
determined by the CPOL bit in the microcomputer’s control 
register. A unique feature of the CDP68HC68R1 and 
CDP68HC68R2 is that they automatically determine the 
level of the inactive clock by sampling SCK when CE: SS 
becomes active (see Fig. 1). Input data (MOSI) is latched 
internally on the Internal Strobe edge and output data 


LIMITS 


UNITS 
pane [ves [wae [a frie Ma 


Sc ee 
~riemawetew | [fe [-][- [ee 


acomveey [= [-1-][*]-]— 
Paswmnee |= [= fe] = |= fo 


| Vin=OV, f£1 MHz, Ta=25°C [| — | 4 | 6 | — | 


(MISO) is shifted out on the Shift edge, as defined by Fig. 1. 
There is one clock for each data bit transferred (address as 
well as data bits are transferred in groups of 8). 


ADDRESS AND DATA FORMAT 


The address and data bytes are shifted MSB first into the 
serial data input (MOSI) and out of the serial data output 
(MISO). The Address/Control byte (see Fig. 2b) contains a 
Write/Read bit and a 7-bit address. Any transfer of data 
requires an Address/Control byte to specify a RAM location, 
followed by one or more bytes of data. Data is transferred 
out of MISO for a Read and into MOS! for a Write. 
Address/Control bytes are recognizable because they are 
the first byte transferred following a valid CE - SS (except 
for Page select bytes, see PAGE SELECTION). To transmit 
a new address, CE: SS must first go false and then true 


again. 
CE-SS f 
SHIFT 


INTERNAL 


CPOL=I STROBE | 
SCK 
CE-SS f 
SHIFT  -INTERNAL— 
epeied | sTRoBE i 


SCK 


92CS-37712 
Fig. 1 - Serial RAM clock (SCK) as a function of MCU clock 
polarity (CPOL). 
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a. Page/Device Byte (CDP68HC68R2 Only) 
BIT 7 6 5 4 3 2 1 


0 
EIRSESESEIESESE 


b. Address/Control Byte 
BIT 7 6 5 4 3 2 1 0 


WAR] AB] AS] Aa} AS] Az | At] AO | 


AO-A6 The seven least significant RAM address bits, 
__ sufficient to address 128 bytes. 
W/R_ Read or Write data transfer control bit. 
W/R_ =0 initiates one or more memory read 
cycles. W/R = 1 initiates one or more memory 
write cycles. 


c. Data Byte 
BIT 7 6 5 4 3 2 1 0 
|b7 | 06] 5} pa | ps] pz] 1} Do 


Fig. 2 - Serial byte format. 
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PAGE SELECTION (CDP68HC68R2 Only) 


For the CDP68HC68R2, a Page/Device byte is sent from the 
microcomputer before the Address/Control byte. Because 
the Address/Control byte is limited to 128 addresses, the 
CDP68HC68R2 is divided into two 128-byte pages. A page 
select is accomplished by enabling the CDP68HC68R2, 
transmitting the Page/Device Select byte (see Fig. 2a), and 
finally disabling the device prior to any more data transfers. 
The Page/Device byte is recognizable because it is the only 
time that a single byte is transferred to the RAM before CE - 
SS is disabled (see Fig. 3). The page select is latched and 
remains until changed or is incremented during a burst 
transfer (see next section). 


ADDRESS AND DATA 


Data transfers can occur one byte at a time (Fig. 4) orina 
multi-byte burst mode (Fig. 5). After the chip is enabled, an 
address word is sent to select one of the 128 bytes (on the 
selected page) and specify the type of operation (i.e., Read 
or Write). Forasingle byte Read or Write (Fig. 4), one byte is 
transferred to or from the location specified in the 
Address/Control byte; the device is then disabled. Additional 
reading or writing requires re-enabling the RAM and 
providing a new Address/Control byte. If the RAM is not 
disabled, additional bytes can be read or written in a burst 
mode (Fig. 5). Each Read or Write cycle causes the latched 


CE-SSs / , \ 


“ZA TET ETE 


SCK CAN BE EITHER POLARITY. 


92CM—-37713 


Fig. 3 - Page/Device Select byte transfer waveforms. 


CE«SS 


SCK 


a/c ee 


1 


READ DATA 


92CM-37717 


Fig. 4 - Single-byte transfer. 
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RAM address to automatically increment. Incrementing 
continues after each transfer until the device is disabled. 
After incrementing to 7FH on the CDP68HC68R1 or to FFH 
on the CDP68HC68Rz2, the address will recycle to OOH and 
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continue. Note that incrementing past 7FH on the CDP- 
68HC68R2 causes the address to go to location 80H (i.e., 
location OOH of page 1). The programmer must take care to 
keep track when crossing page boundaries. 


CE-SSs 


| 
: 


READ | 


DATA BYTE DATA BYTE ° DATA BYTE 


e 
ADDRESS BYTE 
ADDRESS BYTE +1 
ADDRESS BYTE +(n-1) 


ADDRESS BYTE DATA BYTE DATA BYTE 


MISO 


wW/R ADDRESS 


Fig. 5 - Multiple-byte transfers. 
DYNAMIC ELECTRICAL CHARACTERISTICS - BUS TIMING: Vpp +10%, 
Vss = 0 V de, Ta = -40° to +85°C, Cy. = 200 pF. See Figs. 6, 7 and 8. 


NUMBER 
3 [fel = 
om Chip Enable after Clock Hold Time tevex = fazs | — 
cs a eS ee 
[een tm foe 
[© [eminwceerserme toma few 
ON 
a at 
Ee 
ann OCI 
Te eerie = 
a 


om Clock Recovery Time trec : ee a 


92CM-37718 


LIMITS Vop-33V10 Topesv- 


I iar i a 


CHARACTERISTIC 


Chip Enable Set-Up Time tevev 


ns 
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CDP68HC68R1, CDP68HC68R2 


92CS-37714 


Fig. 6 - Page/Device byte timing waveforms. 
© © 
WEBER, MANA Y WERE 
most Trey we \_88 | 1 aE pow Xe Hy 
CESS 
) O © 
« FS 


(4 )- Eg G) 92CM— 37715 


Fig. 7 - WRITE cycle timing waveforms. 


MOST 


of 
R AULURULRARARLRRRRR RUA R REE RERRRRRRRREUEUENR 
TTA as [i | & See annannnannnnnnna 


“oF 


CE-SS 
“< L 


92CM- 37716 


Fig. 8 - READ cycle timing waveforms. 
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Random-Access Memories (RAMs) 


DATA RETENTION CHARACTERISTICS at Ta = -40° to +85°C 


TEST LIMITS 


CHARACTERISTIC CONDITIONS aN AK UNITS 


Minimum Data Retention Voltage Vor >Vop -0.2 V eas oom V 


Data Retention Quiescent Current lbpbDR Von = 2V, 
CE= Vss 
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Features: 


| 
2. 
3 
4 
5 
6 
7 
8 
9 


TOP VIEW 


92CS-29976RI memory expansion 


TERMINAL ASSIGNMENT 
voltage of 2 V min. 


The RCA-MWS5101 is a 256-word by 4-bit static random- 
access memory designed forusein memory systems where 
high speed, very low operating current, and simplicity in 
use are desirable. It has separate data inputs and outputs 
and utilizes a single power supply of 4 to 6.5 volts. 


Two Chip-Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output 
systems by forcing the output into a high-impedance state 
during a write operation independent of the Chip-Select 
input condition. The output assumes a high-impedance 
state when the Output Disable is at high level or when the 
chip is deselected by CS1 and/or CS2. 


OPERATIONAL MODES 


Logic 1 = High Logic 0 = Low X = Don't Care 


a /ndustry standard pinout 

ws Very low operating current-8 mA 
at Vop = 5 V and cycle time = 1 ps 

= Two Chip-Select inputs-simple 
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256-Word by 4-Bit LSI Static 
Random-Access Memory 


= Output-Disable for common |/O systems 

= 3-state data output for bus-oriented 
systems 

= Separate data inputs and outputs 


a Memory retention for standby battery 


The high noise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5-V 
operation, excellent system noise margin is preserved by 
using an external pull-up resistor at each input. 


For applications requiring wider temperature and operating 
voltage ranges, the mechanically and functionally equivalent 
static RAM, RCA-CDP1822, may be used. 


The MWS5101 types are supplied in 22-lead hermetic dual- 
in-line, side-brazed ceramic packages (D suffix), in 22-lead 
dual-in-line plastic packages (E suffix), and in chip form (H 
suffix). 


INPUTS 


OUTPUT 


Read 

Data In 

High Impedance 
High Impedance 
High Impedance 
High Impedance 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE (Vpp) 


(All voltage referenced to Vss terminal) .......... 0. cee cee ewe e ete e een nees 0.5 to-7 V 
INPUT VOLTAGE RANGE, ALL INPUTS...... 0.0... ccc cece c ees ce tana eenceeoes -0.5 to Vpo + 0.5 V 
DC INPUT CURRENT, ANY ONE INPUT: 3 ¢s.¢2in cic suse tsb Awd eGo ee eases WEE oN +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Te==40 t6.+60°C (PACKAGE TYPE E)isiei eed ae dale posse ee be cee neskihs 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E).......... Derate Linearly at 12 mW/°C to 200 mW 

For Ta=-55 to +100°C (PACKAGE - TYPE. DD)... osccseisiee ines s ete ce ae eee esnnes 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPE D)....... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types)............. 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE: TYPE: Dieclvewe de ov cds 6tacn 6 sceabieg Sera Be S46 4S oe CSE a ee -§5 to +125°C 

PACKAGE TYPE 6 ca 4 i acicded net batciy mabe Ete tedran eed a iy aaa Seiko ore sraees —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tatg) ....-.-- eee cece ccc ne cence ecsseeceesesees -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 S MAaX.......... cece eee +265° C 


OPERATING CONDITIONS at T, = Full Package- Temperature Range 


For maximum reliability, operating conditions should be selected 
so that operation Is always within the following ranges: 


CHARACTERISTIC 


DC Operating- Voltage Range 


Input Voltage Range 


ee «>, ~ RY a 


STATIC ELECTRICAL CHARACTERISTICS at T, = 0 to 70°C, Vpp =5 V +5%. 


TEST CONDITIONS LIMITS 
ADE 
MWS5101E 
Typ.® 


50 
200 


CHARACTERISTIC 


Quiescent Device 


Current, IDp C2 Types 


L3 Types 


‘= 
> 


Output Voltage: 
Low-Level, VOL 


High-Level, VOH 


Input Low Voltage, VIL 
Input High Voltage, VIH 


Output Low (Sink) 0.4 > 
Current, lOL ; 

Output High (Source) 
Current, IOH 


Input Current, iN 


3-State Output 
Leakage Current, 


lOUT 


© Typical values are for T , = 25°C and nominal Vpp.- 


ae 
Ue ee 


r 
> 


olo 
im 
{ 
oak, | a ¥ 
ine) 
oo) NO oO 


al™N I+}i+ | i+ 
Ola aio | o 

3 
sje | 3 ; 


o 13 
nm | > 


Outputs open-circuited; cycle time=1 ps. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 0 to 70°C, Vpp=5 V +£5%, 
ty, te = 20 ns, Vi py = 0.7 Vop. Vit = 9.3 Vop. C, = 100 pF 


LIMITS 
MWS5101D, MWS5101E 


Mint [Tvp.*[Mox.| Min. [Typ] Max] 
Read Cycle Times (Fig. 1) 
Read Cycle trae |250 | - | — | 350 | - | 


CHARACTERISTIC 


= 
= 
~ 


Access from 

Output Valid from 

Output Valid from 

Output Valid from lie 110 Mia 150 | ns 
Output Disable 

‘Gipsha pon | ~~ | ™ |= | = 
Chip-Select 1 tDOH1 

Sear wel |-|-| = |= |- 
Chip-Select 2 

Output Hold from 20 20 
Output Disable 


r Time required by a limit device to allow for the indicated function. 
Typical values are for T , = 25°C and nominal Vop. 


egg 


\ 


| 


CHIP SELECT | 


CHIP SELECT 2 


t —- > 
OUTPUT DISABLE DOA3 1DOH3 ———>>- 


READ/WRITE f ) 
ee >| 


TAA 


BATRIO0T tte bet DATA OUT 
VALID HIGH 


HIGH 
IMPEDANCE IMPE DANCE 


92CM- 30244R4 


Fig. 1 - Read cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = O0to 70°C, Vpop = 5 V +5%, 
| ty, te = 20 ns, Vin = 9.7 Vop,. Viz = 0.3 Vpp. Cz = 100 pF 


Write Width 
Input Data 


Setup Time 
Chip-Select 1 
Setup 
Chip-Select 2 
Setup 
Chip-Select 2 Hold tcs2H 


Output Disable 
Setup 


t Time required by a limit device to allow for the indicated function. 
Typical values are for T , = 25°C and nominal Vpp. 


AO-A7 


CHIP-SELECT | 


CHIP-SELECT 2 a 


'cs2s 'cs2H 
OUTPUT DISABLE rns | 
' t 
READ/ WRITE "WRW 


XS 


% tops !S REQUIRED FOR COMMON 1/0 


OPERATION ONLY, FOR SEPARATE 1/0 
OPERATIONS, OUTPUT DISABLE IS DON'T CARE. 


Fig. 2 - Write cycle timing waveforms. 
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DATA RETENTION CHARACTERISTICS at T, = 0 to 70°C; See Fig. 3 


Data Retention - 
Quiescent 
Current, lop 


Chip Deselect to Data 
Retention Time, 


Recovery to Normal 
Operation Time, 


Vpp to Vopr Rise and 
Fall Time 


© Typical values are for T a = 25°C and nominal Vpp. 


DATA RETENTION 
MODE 
VpD 


0.95 Vop 0.95 Vop 


tro 
Vi 
V 


IL 


92CS-30805RI 
Fig. 3 - Low Vop data retention timing waveforms. 
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WRITE READ 
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DECODER DECODER i 
+H 
Vop 92CS-27256R2 


Fig. 4 - Memory cell configuration. 
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OS ST 
* 
e~ : 
Al O= ane 
a2 OF OVoo 
| ALL ROWS | 
AZO DESELECT | 
ye FUNCTION | 
| | 
| (8 x32) (4) | 
9 STORAGE los 
Or BUFFER |}——© Dol 
or2 Ol! (4) 20 no2 
DIsO” GATES 4A 03 
or4 8 169 504 
| BIT(4) l 
| 
| 
| (3) l 
| | INPUT | 
ASO BUFFERS 
A AND | 
a6 © ALL COLUMNS | 
7| | DESELECT 
ATO FUNCTION | 
ses sh | 
R/WOe? i | 
a 
1s 
| Veg 
xo | CONTROL l 
a Seman nei C | 
cs20 , 
* 18 |. 
ODO | 
Do ee Not ea eae Se eu nts oa elty 2 gees eee, Seta eet oe Sees Sane eas a RE ee eel 
Voo Voo Voo 
V V 
* ss . = ‘ Vss 92CL— 30063RI 
INPUT PROTECTION OUTPUT OVER VOLTAGE 
NETWORK PROTECTION PROTECTION 
CIRCUIT IRCUIT 


Fig. 5 - Functional block diagram for MWS5101. 


3 
>~!9 = ~ 
| Sa 
| CHIP-SELECT 


| ae: CONTROL 
cs2 | 
7 


© 
(eRe ee ae, ll 
[ CONTROL OB 
R/W | | 
O20 =: B 
i | |CHIP-SELECT & 
ee ee ee CONTROL 
[ CONTROL C 
| L) 
| I}c 
OUTPUT | OUTPUT 
ome >° ee o—7 DISABLE 
DISABLE | [. SONTROL 
La sy ea a a a ae — 92CM- 30064R2 


Fig. 6 - Logic diagram of controls for MWS5107. 
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R 


RO 


cp 
cori802 
US 0-7 


B 
U 
Ss 
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Fig. 7 - 4K byte Ram system using the CDP1858 and MWS5101. 
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Features: 
# /ndustry standard pinout 


| 

2 
3 
4 
5 
6 
7 
8 
9 


TOP VIEW 


92CS-29976RI 
memory expansion 


a Very low operating current-8 mA 
at Vop = 5 V and cycle time = 1 us 
= Two Chip-Select inputs-simple 
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256-Word by 4-Bit LSI Static 
Random-Access Memory 


= TTL compatible 

® Output-Disable for common !/O systems 

= 3-state data output for bus-oriented 
systems 

w Separate data inputs and outputs 


a Memory retention for standby battery 


TERMINAL ASSIGNMENT voltage of 2 V min. 


The RCA-MWS5101A is a 256-word by 4-bit static random- 
access memory designed for use in memory systems where 
high speed, very low operating current, and simplicity in 
use are desirable. It has separate data inputs and outputs 
and utilizes a single power supply of 4 to 6.5 volts. 


Two Chip-Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output 
systems. The Output Disable input allows these RAM’s to be 
used in common data Input/Output systems by forcing the 
output into a high-impedance state during a write operation 
independent of the Chip-Select input condition. The output 


OPERATIONAL MODES 


Chip Select 2 
ose 


STANDBY 
OUTPUT DISABLE 


Logic 1 = High Logic 0 = Low X = Don't Care 


INPUTS 


assumes a high-impedance state when the Output Disable 
is at high level or when the chip is deselected by CS1 and/or 
CS2. 


For applications requiring CMOS compatibility over wider 
operating voltage and temperature ranges, the mechanical 
and tunctional equivalent RCA-CDP1822 static RAM may 
be used. 


The MWS5101A types are supplied in 22-lead hermetic 
dual-in-line, side-brazed ceramic packages (D suffix), in 
22-lead dual-in-line plastic packages (E suffix), and in chip 
form (H suffix). 


Output Disable | Read/Write OUTPUT 
R/W 
Read 
Data In 


High Impedance 
High Impedance 
High Impedance 
High Impedance 
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OPERATING CONDITIONS at Ta, = Full Package-Temperature Range 


For maximum reliability, operating conditions should be selected so that 
operation is always within the following ranges: 


| LIMITS 
ALL TYPES UNITS 
Min. __|_Max._| 


CHARACTERISTIC 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE (Vpp) 


(All voltage referenced to Vss terminal) 0... . ccc cece eee teen nent eee teen ene e eens 0.5 to-7 V 
INPUT VOLTAGE RANGE, ALL INPUTS.......... ccc eee e eee rece cree eee eeeens -0.5 to Von + 0.5 V 
DG INPUT CURRENT, ANY ONE INPUT 4easnes ene Ge ds wets okie heen Witenes ON aE aR +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta =-40 to.+-60°C (PACKAGE TYPE E) ous ehwcak ev ec cote seta Seen seine wae dans 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E)........... Derate Linearly at 12 mW/°C to 200 mW 

Por Ta =-—55 to +100° © (PACKAGE TYPE D)-: sc sauitnia ceeds oo ewan hs hee pa ae 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPE D)........ Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AIIl Package Types).............. 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE. D seuscund sare saree Cake Gate Cente pe kees ue a re tddene ae Pieats -§5 to +125°C 

PACKAGE TYPE « cheevi ec bde ee che ads esa Une eis A wee ee ee Rae -~40 to +85°C 
STORAGE TEMPERATURE RANGE ((Tatg) s5:0 00 See cs Ae see ee te ed ee ee -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 S MAX. ........ eee eee eee +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta =0 to 70°C, Vpp=5 V 
TEST LIMITS 
CONDITIONS MWS5101AD 
. MWS5101AE 


CHARACTERISTIC 


N 
on 


Quiescent Device L2 Types 
Current, Ipp L3 Types 
Output Voltage: 
Low-Level, 
High-Level, 
Input High Voltage, 
Output Low (Sink) 
Current, 
Output High (Source) 
Current, 
Input Current, 


—_ 


NO 


(V) 
ce 
a 


oO 
on 


Oo 
on 


) na 


_=) 
on 


OF OFO 
oy Oo 


f 
rep) 
I+ 
ol 


Current 
IOUT 


I+ 
oOo 


*Typical values are for Ta = 25°C and nominal Vpp. 
#Outputs Open-circuited; cycle time = 1 us. 
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MWS5101A 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = Oto 70°C, Vpop =5 V +5%, 
_ty,tf= 20 ns, C_ =50 pF and 1 TTL Load 


LIMITS 


MWS5101AD, MWS5101AE 


CHARACTERISTIC Soe | UNITS 
[Min.t | Typ.” | Max. | Mint | Typ." | Max. 


Read Cycle Times (Fig. 1) 


Read Cycle trc| 250 | — | — | 350 | — | — | 
Access from Address tAA| — | 150 | 250 | — | 200 | 350 | 


Output Valid from 
Chip-Select 1 
Output Valid from 
Chip-Select 2 tDOA2 
Output Valid from 
Output Disable tDpoOA3 
Output Hold from 
Chip-Select 1 tDOH1 
Output Hold from 
Chip-Select 2 tDOH2 
Output Hold from 
Output Disable tDOH3 


Time required by a limit device to allow for the indicated function. 
Typical values are for Ta = 25°C and nominal Vpp. 


a ie 3 - 
CHIP SELECT | ir ee a | 
CHIP SELECT 2 : 'poa2 naa : ~tpoH2 


= t : > fos 
OUTPUT DISABLE DOA3 A 1 DOH3 > 
READ/WRITE t 
~< ---- ot - —---3>| 


AA 
DATA OUT 
HIGH VALID HIGH 


IMP EDANCE IMPE DANCE 


DATA OUT 


92CM~ 30244R4 


Fig. 1 - Read cycle timing waveforms. 
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MWS5101A 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = Oto 70°C, Vpp =5 V + 5%, 
t,t¢ = 20 ns, CL =50 pF and 1 TTL Load 


LIMITS 
CHARACTERISTIC “iatypes | Ls Types UNITS 
| Max. | Mint [Typ.° | Max. | 


Write Cycle 
Address Setup 
Write Recovery 


Input Data 
Setup Time 


TTime required by a limit device to allow for the indicated function. 
“Typical values are for Ta = 25°C and nominal Vpp. 


AQ-A7 


CHIP-SELECT | 


CHIP-SELECT 2 f | 
tces2s tcs2H 


OUTPUT DISABLE 


ances see —— tp — toy 


sen 
ee 


% tops |S REQUIRED FOR COMMON'I/0 


OPERATION ONLY, FOR SEPARATE 1/0 
OPERATIONS, OUTPUT DISABLE IS DON'T CARE. 


READ/ WRITE WRW 


Fig. 2 - Write cycle timing waveforms. 
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MWS5101A 


DATA RETENTION CHARACTERISTICS at Ta = 0 to 70°C; See Fig. 3. 


TEST 
CONDITIONS LIMITS 
ie ae All Types UNITS 
(V) a? Fac Tm 


Retention Voltage, 

Data Retention 7 Ty0q ee] = pte 
Siren inp Ee me Soe ee 
Chip Deselect to Data ) 600 | — | — | 
Retention Time, tCDR 


CHARACTERISTIC 


1 
“a 


Recovery to Normal 
Operation Time, 

VDD to VpR Rise and 
Fall Time 


DATA RETENTION 
VoD 


0.95 Vop 0.95 Vop 


Vie VIL 92c8-30805RI 
Fig. 3 - Low Vopp data retention timing waveforms. 


] 
; 
<4 
_| OUT 


2 
<x 
Ke 
a +e 
WRITE READ 
ADDRESS 
DECODER =e BEESOE 


O14 


-27 R 
Voo 92CS-27256R2 


Fig. 4 - Memory cell configuration. 
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poe a 
%4 (5) 
AoW INPUT 
ALO BUFFERS 
2 AND 
Ae < ALL ROWS 
ABO DESELECT 
aa Del FUNCTION 
| 
| (4) 
or1 OF 
£ BUFFER 
prz O! 
DIB© 
oO 
BIT (1) BIT (4) 
(3) (8) 
INPUT 
ees COLUMN COLUMN 
ALL eT Basal aca 
* DESELECT 
FUNCTION 
* 
= are 
ee eoNTROL 
C 
Vop Yoo 
Vss v 
* 2 $s Vss 92CL— 30063RI 
INPUT PROTECTION OUTPUT “ OVER VOLTAGE 
NETWORK PROTECTION PROTECTION 


Fig. 5 - Functional block diagram for MWS5101A. 


‘CONTROL A | 


A 
CHIP-SELECT 
CONTROL 


B 
CHIP-SELECT & 
R/W CONTROL 


CONTROL C 


OUTPUT 
DISABLE 


DISABLE | | CONTROL 
m 


92CM-30064R2 


Fig. 6 - Logic diagram of controls for MWS5101A. 
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MWS5101A 


pa AO orca MAO-7 
MRD M me Leet 
are, Ww 
| CPU : 
CDP1802 j 
B ) 
u | 
S A 
c 
TPA MAO-7 


Ths 
a] 


Pog 
[o) 
1 
N 


bg 

| 3| = 

Oo Ps] 
P-O-UngE 
Ee 


i 


ie) 

wn 

ise) 
U 


92CL- 34702 


Fig. 7 - 4K byte RAM system using the CDP1858 and MWS5107A. 
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by 4-Bit 


@ /ndustry standard 1024 x 4 pinout (same as pinouts for 6514, 2114, 


642 

MWS5114 
nal CMOS 
mele 1024-Word 
ao— 8 LSI Static RAM 
aa Features: 
Aa 7 @ Fully static operation 
cs—i8 

Vss 9 97114, and 4045 types) 


92CS-30982RI @ Common data input 


TERMINAL 


ASSI T 
SSIGNMEN M@ 3-state outputs 


The RCA-MWS5114 is a 1024-word by 4-bit static random- 
access memory that uses the RCA ion-implanted silicon 
gate complementary MOS (CMOS) technology. It is de- 
signed for use in memory systems where low power and 
simplicity in use are desirable. This type has common data 


-Vop 
<—Vss 


MEMORY ARRAY 


Ag 64 ROW 
Av 64 COLUMNS 
Ag 
Ag 
ares 
1/0 COLUMN 
rE 1/0 CIRCUITS 
1/09 COLUMN SELECT 
1/03 
1/04 
cs 
WE 


92CS-309860RI 


Fig. 1 — Functional block diagram for MWS5114 


and output 


@ Memory retention for stand-by battery voltage as low as 2 V min. 
@ All inputs and outputs directly TTL compatible 


@ Low standby and operating power 


input and data output and utilizes a single power supply of 
45Vto6.5 V. 

The MWS5114 is supplied in 18-lead, hermetic, dual-in-line 
side-brazed ceramic packages (D suffix) and in 18-lead 
dual-in-line plastic packages (E suffix). 


OPERATIONAL MODES 


FUNCTION | cS | WE | DATA PINS 


Output: 
Read 1 


Dependent 


eat data 
Not ee 
Selected Impedance 


File Number 1825 
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MWS5114 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY VOLTAGE RANGE, (Vpp) 

(Voltages reterenced to Veo Terminal .4345.05 scence te sehen ese lan eee wecuudns whiten nes wade Ms Sed eed Men aiea -0.5to+7V 
INPUT: VOLTAGESRANGE, ALL INEUTS~ .oc.nstey avant oteutes pela oun sudew amok oo ue yteeheg wel ie ey tates -0.5 to Vpp +0.5 V 
DCINPUT CURRENT-ANY ONEAINPUM seu. Giu wank ce cntnd toes whan wa eae esau ede ws Beienatn tet aneenyue eae Mae acs +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr [n-= 4016460" CIPACKAGE EVPE ©) ak tagaad eed db ens it pew eek eae Shee bal one die bee as Aes 500 mW 

For 1a-=-#60.10465* © (PACKAGE TYPE. BE) <4 encerireant ii nhetewrak st tietcie és Derate Linearly at 12 mW/°C to 200mW 

FOr 142255 164100" CU PACKAGE TYPED) asttwat i ib oceto a stewigaseess os eee Seen pense sh khan at eek baree aes 500 mW 

Por ta] +100 to.4-125° C (PACKAGE TYPE DY sasyeecetica hese weld Seven bebhos Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AIl Package Types) .............. cece eee ee een e teen en neaee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TY PE D>: $66 rp tee eccse ee Eao ane leu oA ene Se Heid ach dis wh La Aa na wens ned Mirena ie os bindee A Rasen -55 to +125°C 

PAGK AGE IY PEE: siecncarserasamuinved pabiadescuekard weiee ids Ltn geet ated anteBncuew el tadls tye ee ees Gas -40 to +85°C 
STORAGE TEMPERATURE RANGE (lag). con tawiaeeestuee oats eee hie atier wee cewmatenees sosey haces tabaes -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ...... Lk cece cee eee e teenies +265° C 


OPERATING CONDITIONS at Ta = -40°C to +85°C 


For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating-Voltage Range 
Input Voltage Range 


Quiescent Device 
Current lbp Max. 


Output Voltage 
Low Level Vor Max. 


High Level Von Min. 05 49 | 5 | — | 49 | 5 


Input Voitage 
5,4. ; t3 


High Level Vin Min. | 05.45] — | 


Output Current | 04 05 a 
(Sink) lo. Min. 


(Source) — lon Max} 4.6 — | 0.4 ef et | 0.4 | 4 ta 4 


Input Current 


3-State Output Leakage 
Current 


Operating Device 
Current 1 poi # 


Input Capacitance 


Output Capacitance 
Cour 


*Typical values are for Ta = 25°C and nominal Vpp. #Outputs open circuited; cycle time = 1 us. 
AAIl inputs in parallel. * All outputs in parallel. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ts = 0 to +70°C, Vpp = 5 Vt5%, 
Input tt = 10 ns; C, = 50 pF and 1 TTL Load 


CMOS Microprocessors, Memories and Peripherals 


LIMITS 
CHARACTERISTIC | mwss114-3° | = mwss114-2, | MwWs5114-1_| UNITS 


mint] Typ. | Max.| MIN.t| TYP."| MAX.| MIN. | TYP."| MAX, 


Read Cycle Times See Fig. 2 


Read Cycle 


Access 

Chip Selection to Output Valid 
Chip Selection to Output Active 
Output 3-state from peseecten 


Output Hold from Address Change toHa 


+t Time required by a limit device to allow for the indicated function. 


*Typical values are for Ta = 25°C and nominal Vpp. 


DouT 


92CS- 31IISR2 


NOTE : 


WE IS HIGH DURING THE READ CYCLE. 
TIMING MEASUREMENT REF LEVEL IS 1.5 V 


Fig. 2 — Read cycle waveforms. 
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MWS5114 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7, = 0 to +70°C, Vpp = 5V+5%, 
Input t,,t) = 10 ns; C, = 50 pF and 1 TTL Load 


LIMITS 


CHARACTERISTIC | _Mwssi14-3 | omwssit42 | Mws5114-1__| UNITS 


_Min.t|TvP. [max.[ min.t | Typ." | max.] min.t[tyP-| Max. 


Write Cycle Times See Fig. 3 


Write Cycle 


Write Release 


Address To Chip Select | 
Set-Up Time . 


Address bc Write 50 40 50 40 

Set-up Time 

Data to MIDE 50 

Set-up Time 

Data Hold From Write po] 


+t Time required by a limit device to allow for the indicated function. 


* Typical values are for Ta = 25°C and nominal Vpp. 


| twe 
"RCS = 


92CM-34394 


NOTE: WE IS LOW DURING THE WRITE CYCLE 
TIMING MEASUREMENT REF. LEVEL IS 1.5 V 


Fig. 3 — Write cycle waveforms. 
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DATA RETENTION CHARACTERISTICS at 7, = 0 to 70°C; See Fig. 4. 
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TEST LIMITS 
CHARACTERISTIC 


Minimum Data 
Retention Voltage 


Data Retention Quiescent 
Current, lop 


Chip Deselect to Data 
Retention Time, 


Recovery to Normal 
Operation Time, 


Vop to Vora Rise and 
Fall Time 


* Typical values are for Ta = 25°C and nominal Vpp. 


DATA RETENTION 
MODE 


0.95 Vop 095 Vop 


92CS-311i4R2 


Fig. 4 — Low Vpp data retention timing waveforms. 
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Random-Access Memories (RAMs) 


CPU/ROM SYSTEM RAM INTERFACE | RAM SYSTEM 


ADDRESS 


BUSO-BUS7 L/0| -1/04 I/0i - 1/04 


BUSO-BUS3 BUS4-BUS7 


CPU ROM | LATCH AND DECODE | RAM 
COPi802 COPI833 | COPIS66 | MWS51I14 (2) 
92CM-34700 


Fig. 5 - MWS5114 (1K x 4) minimum system (1K x 8). 
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CMOS Read-Only Memories 
(ROM s) 


Technical Data 


RCA offers a large selection of CMOS read-only-memories (ROMs) that can 
be masked-programmed to meet customer application requirements. These 

ROM s feature the following characteristics: 6 
CMOS Technology 

Low Power 


High Noise Immunity 
Full Temperature Range 


Space efficient memory cells provide small chip size for cost effectiveness, and 
JEDEC standard pinouts allow interchangeability with industry standard 
NMOS ROMs and EPROMs. 


The ROM Competitive Specifications chart on the following page compares 
key performance characteristics of RCA high-density CMOS ROMs versus 
competitive types. 
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4K x 8 ROM (24 Pin JEDEC Pkg.)"” 


CMOS Microprocessors, Memories and Peripherals 


PARAMETERS 


VOL(max) @ IOL 
VOH(min) @ |OH 
VIL(max) 
VIH(min) 

Hl 

ILO 

(Active) 
\(Standby)1"” 
I(Standby)2"" 


taa 


8K x 8 ROM (24 Pin Pkg.) 


RCA 
CDM5333 
(CMOS) 


5 + 10% 
-40 to +85 
0.4 @ 1.8mA 
Von -0.4 @ -400uA 
0.8 


2.4 

1 

1 
25 @ 1MHz 
0.5 @ 1MHz 


5+ 5% 

0 to +70 
0.4 @3.2mA 
2.4 @ -220uA 

0.8 
2 
10 
10 
70 


GI 
R03-9332B 
(NMOS) 


5+ 10% 
0 to +70 


PARAMETERS 


Voo 

TA 

VOL(max) @ IOL 
VOH(min) @ |OH 
VIL(max) 
VIH(min) 

iL| 

ILO 


I(Standby)1" 
\(Standby)2"°’ 


taa 


VOL(max) @ IOL 
VOH(min) @ |OH 
VIL(max) 
VIH(min) 

HL 

ILO 

\(Active) 
I(Standby)1"” 
I(Standby)2'° 


tana 


PARAMETERS 


Vop 

TA 

VOL(max) @ IOL 
VOH(min) @ IOH 
VIL(max) 
VIH(min) 

ILI 

ILO 


(Standby)1°° 
\(Standby)2'°’ 


taa 


CDM5364 


5 + 10% 
-40 to +85 
0.4 @ 3.2mA 


1 
(Active) 10 @ 1ys/30 @ 250ns 
10 


50 
250 


RCA 
CDBM53128 


5 + 10% 
-40 to +85 


5 + 10% 
~40 to +85 


1 
\(Active) 12 @ 1yus/36 @ 250ns 
1.5 


50 
250 


AMI 
$68A364 


5 + 10% 

0 to +70 
0.4 @3.2mA 
2.4 @ -220uA 


MicroPower 
MP2325 
(CMOS) 


5+ 10% 
-10 to +70 
0.4@2mA 


0.8 
2.2 
1 
1 
8.25 @ 450 ns 


40 
450 


Gl 
R03-9364B 


5+ 10% 

0 to +70 
0.4 @3.2mA 
2.4 @ -200uUA 


CSG 
23128B 


5 + 5% 

0 to +70 
0.4 @2.1mA 
2.4 @ -400uA 


Hitachi 
HN61256 
(CMOS) 


5 + 10% 
-20 to +75 
0.4 @ 1.6mA 
2.4 @ -100uA 


Read-Only Memories (ROMs) 
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4K x 8 ROM (24 Pin JEDEC Pkg.)” 


Hitachi NEC 
HN46332 UPD2332A-1 
(NMOS) 


5 +t 10% 5 + 10% 
~-20 to +75 ~10 to +70 
0.4 @ 1.6mA 0.4 @ 3.2mA 
2.4 @ -100uA 2.4 @ -20uA 


0.8 


Supertex Synertek Toshiba 
CM3200 SY2332-3 TMM333 
(CMOS) (NMOS) (NMOS) 


5 + 10% 5 + 5% 
0 to +70 0 to +70 


0.4 @ 2.1mA 0.4 @ 2.1mA 
2.4 @ -800uA 2.4 @ -400uA 


0.65 0.8 
2 

10 

10 


30 @ 1MHz 


200 
600 


Hitachi Mostek 
HN48364 MK36000-4 
(NMOS) 


5 + 10% 5 + 10% 
~20 to +75 0 to +70 
0.4 @ 3.2mA 0.4 @ 3.3mA 
2.4 @ -205uA 2.4 @ -220uA 


8K x 8 ROM (24 Pin Pkg.) 


NEC Supertex Synertek 
uUPD2364 CM6400A SY2364A-2 
(NMOS) 


5 + 10% 5 + 10% 5 + 10% 


-10 to +70 0 to +70 0 to +70 
0.4 @ 3.2mA 0.4 @ 2.1mA 0.4 @ 3.2mA 
2.4 @ -200uA 2.4 @ -800uA 


2.4 @ -1000uA 
0.8 


16K x 8 ROM (24 Pin JEDEC Pkg.)'”’ 


Hitachi Signetics 
HN613128 23128-30 
(CMOS) (NMOS) 


5 + 10% 5 + 10% 
-20 to +75 0 to +70 
0.4 @ 3.2mA 
2.4 @ -200uA 


NEC 


uPD23128 MSM38128 


(NMOS) 
5 + 10% 5 + 10% 


-10 to +70 0 to +70 
0.45 @ 2.1mA 0.4 @ 2.1mA 
2.2 @ -400uA 2.4 @ —-400uA 


0.8. 


Toshiba 
TMM23256 


5 + 10% 

-10 to +70 0 to +70 
0.4 @ 2mA 0.4 @ 3.2mA 
2.4 @ -400uA 


8.25 @ 450ns 40 @ 230ns 
= 10 
40 a 


32K x 8 ROM (28 Pin JEDEC Pkg.)'” 


NOTES: 
) — See next page, “Byte Wide CMOS and NMOS ROMs” 


(a 

(b) — I(Standby) 1 test condition at TTL level input voitages. 

(c) — l(Standby) 2 test condition at CMOS level input voltages. 
inputs stable. 


450 150 
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BYTE-WIDE CMOS AND NMOS ROM’s 


3 
Ly . 


aepint_ | 26Pine | bain | 26-Pin | 26-Pint 
A 


$2364 $23128 
23128 
HN61364* HN613128* HN61256* 
HN613256" 


. 
» 
> 
60 


$2333 $68A332 S68A364 


S68B364 


AM9233 


AM9232 
2333 2332 2364 
EA8332B EA8332A EA8364 


Fairchild 
Fujitsu 
Gl 
GTE 


Hitachi 


F3532 


MB8364 
R03-9364 


R03-9332 


F3533 
R03-9333 
2332 
HN46332 HN 48364 
HN61365* 
HN61366* 
2332A 
IM7332 IM7364 
MIC2332 MIC2364 


Intel 
Intersil 
Maruman 


Micropower MP2364C* MP2365* MP2325* 
Motorola MCM68A332 MCM68B364 
Mostek MK36000 MK37000 


MM52132 
UPD2332A 


MM52164 
uPD2364 


National 
NEC 


uPD23128 


CM6400A* =| ~CM6400" 
23S665 |. 238664 


Supertex CM3200* 


uUPD2332B 
OK! MSM38128 
Panasonic MN2332 
Rockwell R2364A R2364B 
Seiko SMM2364* SMM2365"* SMM2326* SMM2325* 
Signetics 2632A 2664 23128 
SSS SCM5532* 

SCM23C32* 


Synertek SY2333 SY2332 SY2364A SY2365A SY23128 

TI TMS4732 TMS4764 

Toshiba TC5332" TMM333 TMM2366 TMM2364 TMM23256 
TMM2332 TC5365* TC5364* 


VLSI 


*CMOS parts, all others are NUOS 
tJEDEC Version B 
e JEDEC Version A 


VT2365 VT23 128 


Read-Only Memories (ROMs) 


A8 


All 

CSI/OE 
Alo Features: 
cs2 
07 


| 

2 
3 
4 
5 
6 
7 
8 
9 
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CDM5332, CDM5333 


oo CMOS 4096-Word x 8-Bit Static 
re Read-Only Memory 


Low power replacement for NMOS ROMs 
Choice of two industry standard pinouts: 
Pe CDM5332 is pin compatible with INTEL 2732 and 2332A 


05 CDM5333 is pin compatible with Supertex CM3200, TI TMS 4732, 
04 Motorola MCM 68732 and MCM 68A332 


D3 
TOP VIEW 


CDM5332 
TERMINAL ASSIGNMENT 


92CS- 34993 


The RCA CDM5332 and CDM5333 are 32,768-bit mask- 
programmable CMOS Read-Only Memories organized as 
4096 eight-bit words. They are designed to be used with a 
wide variety of general-purpose microprocessor systems, 
including RCA CDP1800- and CDP6805-series systems. 
Two inputs, CS1/OE and CS2, are provided for memory 
expansion and output buffer control. CS2 gates the address 
and output buffers and powers down the chip to the standby 
mode. CS1/OE controls the output buffers to eliminate bus 
contention. The active polarity for each chip select is user 


DO DI D2 D3 D4 D5 D6 D7 


OUTPUT BUFFERS 


a eee Y DECODER (1 OF 256) be 


32768-BIT 
CELL 
MATRIX 


All 
Alo 
Ag 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 


ADDRESS INPUT BUFFERS 


X DECODER 
(| OF 128) 


Fig. 1 - Functional block diagram. 


92CM-34997 


Fast access time: 350 ns max. 
TTL input and output compatible 
Three state outputs 

Two programmable chip selects 


mask-programmable. (See Data Programming Instructions 
in this data sheet.) 


The CDM5332 and CDM5333 differ only in terminal 
assignments and are pin compatible with standard industry 
types. CDM5332 is pin compatible with Intel 2732 and 
2332A. CDM5333 is pin compatible with Supertex CM3200, 
T.l. TMS4732, and Motorola MCM68732 and MCM68A332. 


The CDM5332 and CDM5333 are supplied in 24-lead dual- 
in-line ceramic packages (D suffix) and 24-lead dual-in-line 
plastic packages (E suffix). 


| 
2 
3 
CSI/OE 5 
CHIP 
SELECT 5 
BUFFERS 
AND 6 
PROGRAM 
cs2 7 
8 


TOP VIEW 
CDM5333 


TERMINAL ASSIGNMENT 


92CS- 34995 


File Number 1366 
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MAXIMUM RATINGS, Abso/ute-Maximum Values: 
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DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltage referenced to Vss terminal) 2.0... . cece cece eee eee teen eee eee EEE REET E EEE CHEE eee Eee EEE een aES -0.5to+7V 
INPUT VOLTAGE BANGE ALL INPUTS 2 oon x cadateeksa tea eis sour sue Ie wee ora ee ea ie dae ed ose -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT..... SP ibvie PG, Mite a Ried Ree we OG ha AG REINA Ee Ged Res arse was kee w a +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): - 

For Ta = -40 to +60°C (PACKAGE TYPE E) ...... ccc cen ccc ce cect scsen ee scterreeeseeseeneens LL Tian s tayo we pane veers 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E)...... cc eee c eee e ere eeees ey teg egal ncetaae heae eee Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPE D)......... cc cece eee ee ee eeees ee Tee eee eee Tee Te err cer gir 500 mW 

For Ts = +100 to 125°C (PACKAGE TYPE D) 2... ..cccccrcecncteee obese erseesnenteevneeeuees Derate Linearly at 12 mW/°C to 200 mW . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@S) ....... ccc cece eee e eee c eee reece ee eeneteneneees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE FY CE BD ndk onicad eace ee tbs Ae Pai BERR ORS EO NOE SORA SHAR era NR eee eee Annee Orae en -55 to +125°C 

PAGKAGE TV GE & wiie aloha ork aw esas anche es SSGP aNT ae eee CaN Uae ns ween SU TIE ba ake Renan enh ead ae -40 to +85°C 
STORAGE-TEMPERATURE RANGE (Taig) soe ce co esa bas oe ck ww eae vincent ale Cale 04 SAN 0E FENN NESS TN OR Taw WS Ce Faw pd ee -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): ; 

At distance 1/16 + 1/32 in. (1.59 + 0.79.mm) from Case FOr 10S MAX. ..e cree cece cece eect eee e eter eee e tena eee ee eee eeenens +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = -40 to +85°C 
For maximum reliability, nominal operating conditions should be selected so that operation Is always within the following 
ranges: : 


LIMITS 
CHARACTERISTIC 


DC Operating Voltage Range 4 6.5 y 
Input Voltage Range Vss Vop 
STATIC ELECTRICAL CHARACTERISTICS at T, = -40 to +85°C, Vpp = 5 V + 10%, Except as noted 


CONDITIONS LIMITS 
ALL TYPES 
CHARACTERISTIC 7 UNITS 
IN 


Output Low Drive (Sink) Current | 04 


Output High Drive (Source) Current | 


Output Voltage Low-Level 


Input Low Voltage Vin 0.5, Von -0.5 
Input High Voltage Vin 0.5, Vop -0.5 


Input Leakage Current lin 


Input Capacitance 

Output Capacitance 

Standby Device Current 16. 
Operating Device Current 08V,2.4V 


ASee chart on page 3 for test conditions. 


*Typical values are for Ta = 25°C and nominal Vop. 
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SSTATIC CHARACTERISTIC Device Current Test Conditions: 


ADDRESS 
INPUT TO TOGGLE 
FREQUENCY 


Select Disabled Open Circui 

sevice Current retever | MHz | Open Circuit 
Device Current at TTL Level 1 MHz Open Circuit 
lopern — Operating CS2 Active anit 
CS1 Don't Care 1 MHz Open Circuit 


Device Current 
DYNAMIC ELECTRICAL CHARACTERISTICS at T, = -40 to +85° C, Von = 5 V + 10%, 
Input t,,t: = 10 ns; C. = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V 


OUTPUT 
LOADING 


CHIP SELECT 
STATUS 


CHARACTERISTIC 


CHARACTERISTIC 


Address Access Time SOCSC~C“‘“~*~“~*‘“‘“‘“‘ CP 
[OSi/OE Enable to Output Acie SOSC~Ss SP 
[G82 Enable Access tore 

= 


CS1/OE Enable to Output Valid tsivav 


Data Hold After Address taxax 
CS2 Disable to Output High Z tsexaz 


CS1/OE Disable to Output High Z tsixaz 
Cycle Time tevc 


tcyc 


NOTES: 


AO-All 


cs2 are satisfied. 


(2) Output Active requires both 
' (3 ) CS1/OE and CS2 Active. 
t s2vax') evey 'soxaz (3) ar and ts:vov 
are satisfied. 
(5) Elther invalid CS1/OE or CS2 
—— t (5) causes Output High Z. 
SIXQZ (6) Generates 50-ns Vaild Output 
Pulses (i.e., tcyc-tavavttaxex). 


DATA OUT OOK KOO 
(4) 
tsivav 


| taxax 


NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. Seo neato. 


Fig. 2- Timing waveforms. 
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ADDRESS BUS 


cDPI800 


SERIES 
CPU 


DATA BUS 


cOP|1882 
LATCH/ 
DECODER 
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TO OTHER 
CHIP SELECTS 


92CM- 36399 


Fig. 3- Typical CDP1800 series microprocessor system. 


ROM ORDERING INFORMATION 

All RCA mask-programmable ROM's are custom-ordered 
devices. ROM program patterns can be submitted to RCA 
by using a master device (ROM, PROM or EPROM), a floppy 
diskette generated on an RCA development system, or 
computer punch cards. 


DATA PROGRAMMING INSTRUCTIONS 

When a customer submits instructions for programming 
RCA custom ROM'’s, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming instructions. 
Programming instructions may be submitted in any one of 
three ways, as follows: 


1. Computer-Card Deck — use standard 80-column 
computer punch cards. | 


2. Floppy Diskette — diskette information must be 
generated on an RCA CDP1800-series microprocessor 
development system or the MS2000 MicroDisk develop... 
ment system. 
3. Master Device — a ROM, PROM, or EPROM that contains 
the required programming information. 


The requirements for each method are explained in detailin 
the following paragraphs: 


Computer-Card Method 


Use standard 80-column computer cards. Each card deck 
must contain, in order, a title card, an option card, a data- 
format card, and data cards. Punch the cards as specified in 
the following charts: 


TITLE CARD 


Punch T 

Leave blank 

Customer Name (start at 6) 
leave blank 


Customer Address or Division (start at 35) 


Leave blank 


RCA custom selection number (5 digits) (obtained from RCA Sales Office) 


Leave blank 


RCA device type, without CDM prefix, e.g., 5332E 
Punch an opening parenthesis ( 

Punch 8 

Punch aclosing parenthesis ) 


Leave blank 


Punch a 2-digit decimal number to indicate the deck number; 
the first deck should be numbered 01 
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DATA PROGRAMMING INSTRUCTIONS (Cont'd) 
OPTION CARD 


Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type. 


Column No. Data 
1-6 Punch the word OPTION 


7 Leave blank 
8-17 RCA device type, including CDM prefix, e.g., CDM5332E 


18-27 Leave blank 

28-29 Punch P or N per ROM Information Sheet 

30-39 Punch X or leave blank per ROM Information Sheet 

40-78 ‘Leave blank 

79-80 Punch the deck number (the 2-digit number in 
columns 79-80 of the title card) 


DATA-FORMAT CARD 


The data-format card specifies the form in which the data is to be entered into ROM. | 


Data 
Punch the words DATA FORMAT 
Leave blank 
' Punch the letters HEX 
Leave blank 
Punch POS 
Leave blank 
Punch the deck number (the 2-digit number in 
columns 79-80 of the title card 


Column No. 
1-11 
12 
13-15 
16 
17-19 
20-78 
79-80 


DATA CARDS 
The data cards contain the hexadecimal data to be programmed into the ROM device. 
Each card must contain the starting address plus sixteen words of data in clusters of four Hex Bytes. 


Column No. Data 


Punch the starting address im hexadecimal 


Column No. Data 


2 hex digits of 9th WORD 


for the following data" 
Blank 

2 hex digits of 1st WORD 
2 hex digits of 2nd WORD 
Blank 

2 hex digits of 3rd WORD 
2 hex digits of 4th WORD 
Blank 

2 hex digits of 5th WORD 
2 hex digits of 6th WORD 
Blank 

2 hex digits of 7th WORD 
2 hex digits of 8th WORD 
Blank 


28-29 
30 
31-32 
33-34 
35 
36-37 
38-39 
40 
41-42 
43-44 
45 
46-78 
79-80 


*The address block must be contiguous starting at an even-numbered address. 
Column 4 must be zero. 


2 hex digits of 10th WORD 
Blank 

2 hex digits of 11th WORD 
2 hex digits of 12th WORD 
Blank 

2 hex digits of 18th WORD 
2 hex digits of 14th WORD 
Blank 

2 hex digits of 15th WORD 
2 hex digits of 16th WORD 


Blank if last card, semicolon follow 


Blank 


Punch 2 decimal digits as in title card 


as in title card 
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To minimize power consumption, all unused ROM locations 
should contain zeros. 


Floppy-Diskette Method 

The diskette contains the ROM address and data 
information. Title, option, and data-format information, 
which would otherwise be punched on computer cards, 
must be submitted on the ROM Information Sheet. In 
addition, specify the RCA Development System used to 
generate the diskette (CDP18S005, CDP18S007, CDP- 
18S008, or MS2000) and supply a track number or file name. 
If possible, include a printout of the program for verification 
purposes. The format of the address and data information is 
essentially the same as that described for Computer-Card 
method with the addition of a carriage-return character at 
the end of each line and an end-of-file character (DCS) at 
the end of the file. 


Master-Device Method 
Data may be submitted on a master ROM, PROM, or 
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EPROM device. Title, option, and data-format information, 
which would otherwise be punched on computer cards, 
must be submitted on the ROM Information Sheet. In 
addition, specify the master device type; RCA will accept 
Intel types 1702, 2704, 2708, 2716, 2732, 2332A, 2758, 
Supertex CM3200, T.I1. TMS4732, Motorola type: MCM68732 
and MCM68A332 or their equivalents. If the ROM to be 
manufactured is smaller in memory size than the master 
device, or if more than one ROM pattern is stored in the 
master device, the starting address and size of each pattern 
must be stated on separate ROM Information Sheets. 


lf the Master-Device is smaller than 4 kilobytes, the starting 
address of each Master-Device must be clearly identified. 


For additional information refer to the following RCA 
publications: 


“RCA CMOS ROMs”, RPP-610A. 


“Programming 2732 PROMs with the CDP18S480 PROM 
Programmer’, RCA Application Note ICAN-6847. 


ROM INFORMATION SHEET 


How is ROM pattern being submitted to RCA? 
Computer Cards O (Complete parts A and B) 
Floppy Diskette O (Complete parts A, B, and D) 
Master Device (PROM) © (Complete parts A, B, and C) 


check one 


Customer Name (start at left) 


age ei RCA Custom Number (Obtained from RCA Sales Office) 
YT T [7 {1 ] Rom Type (without CDM prefix), e.g. 5332E 


Address or Division 


ROM TYPE 
Circle 
one ~ 


Circle the ROM type desired, then circle one letter (P, N, or X) 
In each column for that ROM. 


CDM5333 


Polarity Options 


CDM5332 
Polarity Options 


If a diskette is submitted, check type of 
RCA Development System used: 
O CbDP18S005 O ™Ms2000 


O CDP18S007 
Specify: Track # [TT] 


O CDP18S008_ stg 
Specify: File Name: 

Software program used: 

(check one) 


Software program used: 
O ROM SAVE 


(check one) 
O SAVE PROM 


_ If a master device is submitted, 
state type of ROM*/PROM: 


Starting and last address 
of data block in the 
Master Device (in Hex). 


O MEM SAVE 
O SAVE PROM 


*If Master Device is a ROM, state polarity of all chip select/enable functions. 
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LSI Static ROMS 


| 
2 
3 
4 Features: 
. ew Asynchronous operation = TTL input and output compatible 
: « Fast access time - 250 ns max. m 24-pin JEDEC standard pin out: 
: a Lowstandby and operating power: Pin compatible with Motorola 
IsBY2 = 2 pA typical (CDM5364) MCM68764 and MCM68766 
lDDS = 2 WA typical (CDM5364A) EPROMs 
IOPER2 = 10 MA max. at tcyc = 1 ps a Choice of pin 20 function: 
= 30 mA max. at tcyc = 250 NS Mask-programmable CE 
= Automatic power down (CDM5364) 
eres Mask-programmable CS 
(CDM5364A) 
CDM5364 
TERMINAL ASSIGNMENT 
The RCA CDM5364 and CDM5364A are 65,536-bit mask- The CDM5364 and CDM5364A are supplied in 24-lead, 
programmable CMOS Read Only Memories organized as hermetic, dual-in-line side-brazed ceramic (D suffix) andin 
8192 eight-bit words. They are characterized by fast access 24-lead dual-in-line plastic (E suffix) packages. 


time and low-power dissipation, and are designed to be 
used with a wide variety of general purpose microprocessor 
systems, including RCA-CDP1800-and CDP6805-series 
systems. The CDM5364 and CDM5364A differ in the function 
for pin 20. 


The CDM5364 provides a chip enable input at pin 20, which 
gates the address buffers and output drivers, providing a 
low power standby mode. 


The CDM5364A has a chip select input at pin 20. As a chip 
select input, pin 20 controls only the output drivers providing 
fast output enable time. The polarities of the chip enable 
and the chip select inputs are user mask-programmable. 
(See Data Programming Instructions in this data sheet). Sao icw 


Both the CDM5364 and CDM5364A provide automatic 92CS - 36697 
- ta h il 
power-down and data hold while the address inputs are CDM5364A 


stable. TERMINAL ASSIGNMENT 


| 

2 
3 
4 
5 
6 
7 
8 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vobp) 


(Voltage referenced to VSS terminal) «26 css cee cca oe ci Showed eek eg kU wha DoS e ee ede Nad bw s ONE ee CNET TES He tka SNe Oe ONES -0.5to+7V 
INPUT VOLTAGE: RANGE. ALL INPUTS sc cna siec comedy cept oN kw ewan dial Saw aaiee Sod ae Oe Ay PEREGO USEC ae KATY -0.5 to VOD +0.5 V 
DGC:INPUT GURRENT. ANY ONE INPUT {dice eh ts bhi Roa CES bate wed uti ee des eae tae eA Bae Bees bee heels ee ay kee ee +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For TA:==40:to +60° C:(PAGKAGE TYPE EB) 6. osccins sone e ewe SOG 5 Os's G4 se Foe a ee ew ie ON ee Bes ene bbw EN Se Wat be Phase 500 mW 

For TA = +6010 +85°:C (PACKAGE FYPE.©) 4 cassie iA Gre Se lde Fie wre by OREN Oe ew Rees ees Derate Linearly at 8 mW/°C to 300 mW 

For TA =+55 to +100°C: (PACKAGE TYPE D) oii wis ic o6 i596 ce tei ad Hoa 's OES ES Bee ON RE SE CEN eas Oe eae ae eRe EW ERENT IS 500 mW 

For TA = +100 to 125°C (PACKAGE TYPE D) .... ccc ccc cece cece reeset cece sees erenscesececns Derate Linearly at 8 mW/°C to 300 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@S) ........ cece eee e cece eee e ene teen teen eect eee nnnees 100 mW 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE - TV PE Di ose to hav utere eet oteawe haw mre eee ley 6 ae ner EA Oe oe RESO RN ewh we anda hu a oe Hae ee nes SA oe -55 to +125°C 

PAGKAGE TY FE Ee sheik Sos ion ete 2 el era ee eel Swed oe DANONE RA CORES ee Poo ee oe eee aaa ee -40 to +85°C 
S) ORAGE-TEMPERA TURE RANGE -(Tstg): 5 indies o Wee ctu edit ah en eames adyese eG OCA Ine IWS HE Eo nweeoumeuss Gan he -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. 2... cece ccc cee eee ee eee eee ee teen teen een eees +265°C 
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RECCMMENDED CPERATING CONDITIONS at Ta = -40 to +85°C 


For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


LIMITS 
CHARACTERISTIC CDM5364, CDM5364A 


DC Operating Voltage Range 


Input Voltage Range 


65,536 BIT 


E> ROM 
CELL ARRAY 


ADDRESS DECODERS 


a 


COLUMN GATING 


(A) ACTIVITY 
DETECTOR 
Ae! (AUTO POWER) 
[+V op T DOWN 
| 
cs —+}e>—_1_-«e 
lcom5364a_! 


Ebb ib Wy 


% CE(CDM5364) AND CS(CDM5364A) Qo Q1 Q2 Q3 Q4 Q5 Q6 Q7 
ARE MASK-PROGRAMMABLE AS: 
ACTIVE — HIGH OR ACTI VE“LOW OR 


DON'T CARE 92CM— 36702 


Fig. 1 - Functional block diagram. 
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STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Vop = 5 V + 10%, Except as noted 


LIMITS. | 
| CHARACTERISTIC CONDITIONS COMS364 | UNITS 
e@ 
: in. [Tye Mex. 


Average Operating Device Current@ VIN = VIL, VIH; CE = VIH; (CE = VIL) 


teyc = 1 


| 15 
! lopeR1d teye= 250ns_ | — | — | 35 | 


lOPER2€ | VIN = 0.2 V, VDD -0.2 V; CE = VDD -0.2 V; ae . 
(CE=02 V) tcyc = 1 us 10 


teye= 250ns_ | — | — | 30 | 
PVIN= VIL, VIH; CE=VIH;(CE=Vit) | — 15 | mA 


| — | 15 | 
VIN = 0.2 V, VDD -0.2 V; )— | — | 50 uA 


DC Active Device Currentb 


JACT2e 


CE = VoD -0.2 V: (CE=0.2 V 


| Standby Device Current ispyid | VIN = VIL, VIH: CE = VIL; (CE = VIH hetal ee toop, mA 
| ISBY2e VIN = 0.2 V, VoD -0.2V; CE = 0.2 V; 


Boge 
|— | — |o. 
= | 


0.4 
2.4 = 
FinputLow Voltage CC SCT S—<“~;~;*™S™SCOCCCTCC‘dL—' | fcr] © 
Input High Voltage Wid S| 
Input Leakage Current (Any Input lIN [VSSSVIN]= VDD. +1 
Vss < VouT < VoD eae eee le 
Input Capacitance CIN f= 1 MHz, TA = 25°C eee ee | 10 
f= 1 MHz, TA = 25°C ae ee re 
*Typical values are for TA = 25°C and nominal VDD. Cindependent of address input activity, chip disabled. 
@ Address inputs toggling, chip enabled outputs open circuit. GTTL inputs. 
Dinputs stable, chip enabled, outputs open circuit. €CMOS inputs. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vop = 5 V+ 10%, 
Input tr, tt = 10 ns; CL = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V — See Fig. 2 


LIMITS 


CDM5364 


CHARACTERISTIC UNITS 


Chip Enable to Output Active 


Data Hold after Address 
Chip Disable to Output High Z 


Cycle Time 


se 
ee ee 
[0 


NOTES: 
AO- Al2 Ce ee (1) Assumes teyqy is satisfied. 
(2) Output Active requires Chip Enable Active. 
(3) Assumes tavav is satisfied. 
(4) Invalid Chip Enable causes Output High Z. 
cE/CE in ie as: (5) Generates 10-ns Valid Output Pulses 
= (i.e., teyc-tavavitaxax): 
tEvav ; (4) 
EXQZ 
tevax?) : 
— OO 
ono CKO 
NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V 
92CM-—36699 
* Axax 


Fig. 2 - Timing waveforms. 
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STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Vop = 5 V + 10%, Except as noted 


| LIMITS 
CDM5364A 
CHARACTERISTIC CONDITIONS UNITS 
; e 
nye: as 


Average Operating Device Current@ VIN = VIL, VIH; CS = VIH; 
a 1 us 15 


loperid | — | — | 35 | aie 
lopeR2e | Vin = 0.2 V, VDD -0.2 V; CS = VDD -0.2 V; = 
(CS = 0.2 V) = 10 


DC Active Device Currentb lactid | VIN= Vit, IH; CS= iH; (CS= Vit) | — | — | 15 | mA 
VIN = 0.2 V, VDD -0.2V; ‘ip 
CS = VoD -0.2 V; (CS =0.2V 
Quiescent Device Current IDps@_| VIN = 0.2 V, VoD -0.2V; CS = 0.2 V; BE a 
CS = VoD -0.2 V 


Output Voltage pow Pave) VOL IOL = 3.2 mA Sa ears 


|OH = -3.2 mA eek 
| Se 
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Input High Voltas VIH rakes 
Input Leakage Current (Any Input liN Vss < VIN < VDD es a | A 
3-State Output Leakage Current |OUT Vss < VOUT < VDD Pe fer 1 i 
Input Capacitance CIN f = 1 MHz, TA = 25°C eet oor 10 
A pF 
Output Capacitance COUT f = 1 MHz, TA = 25°C |— | 6 | 12 
*Typical values are for TA = 25°C and nominal VDD. Cinputs stable, chip deselected. 
4 Address inputs toggling, chip selected outputs open circuit. qT TL inputs. 
Dinputs stable, chip selected outputs open circuit. . €CMOS inputs. 


DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Vop = 5 V + 10%, 
input tr, t= 10 ns; Ct = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V — See Fig. 3 


LIMITS 
CDM5364A 


CHARACTERISTIC 


Address Access Time tAVav aa ae oe 
Chip Select to Output Active tSVQX ae ae 


Chip Select to Output Valid 
Data Hold after Address 

Chip Deselect to Output High Z 
Cycle Time 


(1) Assumes tsyqy is satisfied. 


AO- Al2 re: | (2) Output Active requires Chip Select Active. 
(3) Assumes tayqgy |s satisfied. 
(4) Invalid Chip Select causes Output High Z. 
(5) Generates 10-ns Valid Output Pulses 


tsvav (5) (4) 
tevox = 'sxaz 
DATA OUT OK | DRQOO 


NOTE: TIMING MEASUREMENT REFERENCE LEVEL 1S 1-5 V 
92CM-36700 


" axax 
Fig. 3 - Timing waveforms. 
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APPLICATION INFORMATION 


CDM5364 


CE 


CDP!I883 
DECODER 


8- BIT BIDIRECTIONAL DATA BUS 


LATCH/ 


ADDRESS BUS 


CPU 
C DPI800 
SERIES 


92CM-3670I 


Fig. 4 - Typical CDP1800 series microprocessor system. 


Decoupling Capacitors 


The CDM5364 and CDM5364A operate with a low average 
dc power supply current that varies with cycle time. 
However, the CDM5364 and CDM5364A are large ROMs 
with many internal nodes. Precharging of selected nodes 
during portions of the memory cycle results in short 
duration peak currents that can be much higher than the 


average dc value. The rise and fall times of the peak current 
pulses can have a value sufficient to generate unwanted 
system noise components. To minimize or eliminate the 
effects of the current spikes, a0.1 uF ceramic decoupling 
capacitor is recommended between the VDD and Vss pins of 
every ROM device. 


ROM ORDERING INFORMATION 


All RCA mask-programmable ROM’s are custom-ordered 
devices. ROM program patterns can be submitted to RCA 
by using a master device (ROM, PROM or EPROM), a floppy 


diskette generated on an RCA development system, or 
computer punch cards. 


DATA PROGRAMMING INSTRUCTIONS 


When a customer submits instructions for programming 
RCA custom ROM's, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming instructions. 
Programming instructions may be submitted in any one of 
three ways, as follows: 


1. Master Device — a ROM, PROM, or EPROM that 
contains the required programming information. 

2. Floppy Diskette — diskette information must be 
generated on an RCA CDP1800-series microprocessor 
development system. 

3. Computer-Card Deck — use standard 80-column 
computer punch cards. 


The requirements for the Master Device and Floppy Diskette 
methods are described in the following paragraphs. The 
requirements for all three methods are described in detail in 
brochure, “RCA CMOS ROMs”, RPP-610A. 


Master-Device Method 


Data may be submitted on a master ROM, PROM, or 
EPROM device. 


The ROM INFORMATION SHEET must be completed and 
submitted with the Master Device. In addition to the title, 
option, and data-format information, specify the Master- 
Device type and the first and last addresses of the data 
block in the Master Device. Acceptable Master-Device 
EPROMS include types 68764, 2732, 2764, 27128, and 27256 
of their equivalents. 


if the Master-Device is smaller than the ROM being ordered, 
the starting address of each Master-Device must be clearly 
identified. If the Master-Device is a ROM, state the active 
polarity of all chip-select/enable functions. 


NOTE: Tominimize power consumption, all unused ROM 
locations should contain zeros. 
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DATA PROGRAMMING INSTRUCTIONS (Cont'd) 


Floppy-Diskette Method 


The diskette contains the ROM address and data 
information. Title, option, and data format information must 
be submitted on the ROM Information Sheet. In addition, 
specify the RCA Development System used to generate the 
diskette (CDP18S005, CDP18S007, CDP18S008, or MS2000) 


a printout of the program for verification purposes. The 
format of the address and data information is essentially the 
same as that described for Computer-Card method detailed 
in RPP-610A with the addition of a carriage-return character 
at the end of each line and an end-of-file character (DC3) at 
the end of the file. 


and supply a track number or file name. If possible, include 
ROM Information Sheet 


How is ROM pattern being submitted to RCA? 

check one Master Device (ROM, PROM, or EPROM) 
Floppy Diskette 
Computer Cards 


O) (Complete parts A, B, C, and D) 
[ (Complete parts A, B, C, and E) 
CL] (Complete parts A, B, and C) 


Customer Company Name (start at left) 


ee dtl aes pcibeen Wes te de ae athletes feel ee Ie tfae| 
Po rol ab ssh Wed Met aie 
ee a 
| | | | | | [| | ROM Type (without CDM prefix, e.g. 5364E) 


Address or Division 


RCA Customer Number 


Programmable Pin Options 
ROM Type CDM5364/CDM5364A 
Check (\/) one polarity option for Pin 20 (CE for 5364, CS for 5364A): 


Pin Number Polarity Options * 

P N X 

20 (CE for CDM5364) O C) O 
20 (CS for CDM5364A) O O O 


* P= Active, When Logic 1; N = Active, When Logic 0; 
X = Don't Care (Active When Logic 0 or Logic 17) 


PART B PART A 


Starting address of ROM pattern in Hex. 


naam 


If a master device is submitted, 
state type of ROM®/PROM: 


If a diskette is submitted, check type of © 
RCA Development System used. 


0 CDP18S005 | O mMs2000 


| O CDP18S007 
Specify: Track # ae O CpDPiss00s 


Specify: File Name: —______ 
Software program used: 
(check one) 

CO MEM SAVE 

O SAVE PROM | 


For additional information refer to the following RCA 
publications: 
“RCA CMOS ROMs”, RPP-610A. 


“Programming 2732 PROMs with the CDP18S480 PROM 
Programmer”, RCA Application Note ICAN-6847. 


Starting and last address 
of data block in the 
Master Device (in Hex). 


a ae ae a oe 


Software program used: 
(check one) 

C) ROM SAVE 

CO SAVE PROM 


t+ Termination of pin programmed as a “DON’T CARE” (X) is 
advised to avoid potential problems of coupling to this high 
impedance node. The termination must adhere to the 
absolute maximum input ratings (i.e., -0.5V < VIN < Vpp + * 
0.5V and -10 MA SIIN<=10 mA). 


® if Master Device is a ROM, state active polarity of all chip 
select/enable function. 


Read-Only Memories (ROMs) 


Features: 


\ 
2 
3 
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Top View and output enable 


92CS- 36630 


TERMINAL ASSIGNMENT 


The RCA-CDM5365 is a 65,536-bit asynchronous mask- 
programmable CMOS READ-ONLY memory organized as 
8192 eight-bit words. The CDM5365 is designed to be used 
with a wide range of general-purpose microprocessor 
systems, including the RCA CDP1800- and CDP6805-series 
systems. Two chip selects, one chip enable, and an output 
enable function are provided for memory expansion and 
output buffer control. The chip enable gates the address 
and output buffers and powers down the chip to the standby 


Al2 


— 
| 

| 

| 

| 

<2 


Al 
aoe 


ACTIVITY 


cs2 > Eo 


% CE, CS1 AND CS2 ARE MASK-PROGRAMMABLE AS: 
ACTIVE-HIGH OR ACTIVE-LOW OR DON’T CARE 


%* % OE IS MASK-PROGRAMMABLE AS: 
ACTIVE-HIGH OR ACTIVE-LOW 


DETECTOR 
(AUTO POWER) 
DOWN 


Fig. 1 - Functional block diagram. 
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CMOS 8192-Word by 8-Bit 
LSI Static ROM 


s Asynchronous operation 
mw Fast access time - 250 ns max. 
= Low standby and operating power - 

Ispyea=2 WA typical 

lopen2e=10 MA max. at teyc=1 US; 

=30 mA max. at teye=250 ns 

a Automatic power-down 
mw Mask-programmable chip enable, chip selects, 


es TTL input and output compatible 


® 28-pin JEDEC standard pin out: Pin 
compatible with the 2764 EPROM 


mode. The two chip selects and the output enable control 
only the output buffers. The polarities of the chip enable, 
chip selects, and the output enable are user mask-program- 
mable. (See Data Programming Instructions in this data 
sheet.) 

The CDM5365 is supplied in 28-lead, hermetic, dual-in-line 
side-brazed ceramic (D suffix) and in 28-!ead dual-in-line 
plastic (E suffix) packages. 


65,536 BIT 


> ROM 
CELL ARRAY 


ADDRESS DECODERS 


v 


COLUMN GATING 


DATA LATCH 


a ae ee ee es 
cap 


Qo Qi 


Site thls 


Q2 Q3 Q4 Q5 Q6 Q7. 
92CM- 3663! 


File Number 1466 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


CMOS Microprocessors, Memories and Peripherals 


(Vollage-Tetsranced 10: Vas TErMINal). ic tenia atan se ne wate heen Gx Gea eee Ree wee ee RES Fue td Sob OSw aN eR owaa aaa cane -0.5to+7V 
INPUT VOLTAGE RANGE ALL INPUTS ince ccaaiied eeada tou law er ewe ane 26 hte Sex bouk HOG aeieeoeeockweawee pe es -0.5 to Voo +0.5 V 
OCUNPUT CURRENT, ANY ONEANPUT 4 cane weaver ne exer ats ae SEN Es ax OA oe eRe eS Fe Rao aaw Ou Lee ea eA wees £10 MA 
‘POWER DISSIPATION PER PACKAGE (Pp): 

FOr Ta==40 to +60" C (PACKAGE TY PEE) ecu xartan sn aiy ae detaee gene p84 Rime bg OWES REE Ue Oa bab os bu newke sae meas 500 mW 

For: Ja=*60 to. 485°C (PACKAGE TYPE E) cicciw bei ats hd Fe care beer 4 WR EIS ES Oh Heed OOS Derate Linearly at 8 mW/°C to 300 mW 

FOr tar-oo 10.4100" (PACKAGE: TYPE BD) ina binds ew acer oes Res COG wns ae RASS OEE FA pale Sa aa esas 500 mW 

For Ta7*100 to: 125° C (PACKAGE TYPE 0) esos sccicwe avy d vp 0 Ga we eG eS owed Reka eeE ee REA Derate Linearly at 8 mW/°C to 300 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ......... 00.0 ccc cece ccc cece eect e rece eneeeeeenbeeenes 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PAC RAGE Lie eiierats aera waste lara nc alate UNS Reni yigatd OID Y UG Sale we BAI NG aricpod dnh Sind Gta me bad oe Soa -55 to +125°C 

PACKAGE INPE:E, ad sccineiewe vos capeste adams we Renta tan COE ata Gin ed cewtad eaees aew ee eu ONL ee eae eS -40 to +85°C 
STORAGE-TEMPERATURE RANGE (Tetg) ...... see eet teen eee eeeenes Nah Fel ays h Rob ip Se Oe OMS eae EXSY A EONS AS -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 40.79:mm) from case for 10S Max. 6.6 lissgeve booed oiwa weeue aWadasedew teen w saad sauces +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = -40 to +85°C 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


LIMITS 


CHARACTERISTIC 


CHARACTERISTIC 


Average Operating Device Currenté Vin = Vir, Vin; CE = Vin: 


E = Vit) 


loper:4 : | pe ie ns ae eo ee mA 


CE= Vopo -0.2 V; 
(CE=0.2V) — teye= 1 US 


DC Active Device Current® 


HA 
/-|-|*[™ 


Vine Vit, Vin) CE=Vit; 


SOupuiNetigelamleet = va esa ee 

| Output Voltage High-Level Von | sl = -3.2mMA | 2 | TO 
ST 7a a | NY OE GT . 
tnput High Voltage ———___ My Pid 2k | | 
Vss S Vin S Vow P= | -— | 
["3-State Output Leakage Current lor | VesSVourSVoo ———s| ~ — | — | 21 | 
|_InputCapacitance Cw MHz, Ta= 25°C | — | 9 

| OutputCapacitance Cour St MHz, Ta= 25°C =| — | a 
teil values are for Ta=25°C and nominal Von. Cinde ere of address Input activity, ay au 
@Address inputs toggling, chip enabled, outputs open circuit. aTTL inputs. 


Binputs stable, chip enabled, outputs open circuit. @CMOS inputs. 
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Read-Only Memories (ROMs) 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty, = -40 to +85° C, Von =5 V + 10%, 
Input t,, t: = 10 ns; C. = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V 


CHARACTERISTIC 


NOTES: 
ee (1) Assumes Isvov, tevav, and tevav 
CE/CE are satisfied. 
sl (2) Output Active requires Chip Enable, Output 


Enable and Chip Selects Active. 
t texgz(5) (3) Assumes tavav, tsvov, and tevav 
EVQX are satisfied. 


(4) Assumes tavov and tevov are satisfied. 
cS/CS ,OE/OE @ (5) Either Invalid Chip Enable, Chip Select, or 
Output Enable causes Output High Z. 


(6) Generates 10-ns Valid Output Pulses 


t igen texqz'5) (i.e., tevc-tavavttaxax). 
(t syqx) (tsxQz) 
AK YK 
nan SEK RR 
t (4) ; 
GVQV 
(tsvav) ena 92CM- 36632 


NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. 


Fig. 2 - Timing waveforms. 
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APPLICATION INFORMATION 


__AB-Al2 

CSI 
ROM 

CDM5365 


CDPI872 
ADDRESS 


; 8- BIT BIDIRECTIONAL DATA BUS 


LATCH 


ADDRESS BUS 


CPU 
CDOP1800 
SERIES 


92CM~- 36663 


Fig. 3 - Typical CDP1800 series microprocessor system. 


Decoupling Capacitors 


The CDM5365 operates with a low average dc power supply 
current that varies with cycle time. However, the CDM5365 
is a large ROM with many internal nodes. Pre-charging of 
selected nodes during portions of the memory cycle results 
in short duration peak currents that can be much higher 


than the average dc value. The rise and fall times of the peak 
current pulses can have a value sufficient to generate 
unwanted system noise components. To minimize or 
eliminate the effects of the current spikes, a 0.1-uF ceramic 
decoupling capacitor is recommended between the Von and 
Vss pins of every ROM device. 


ROM ORDERING INFORMATION 


All RCA mask-programmable ROM’s are custom-ordered 
devices. ROM program patterns can be submitted to RCA 
by using amaster device (ROM, PROM or EPROM), a floppy 


diskette generated on an RCA development system, or 
computer punch cards. 


DATA PROGRAMMING INSTRUCTIONS 


When a customer submits instructions for programming 
RCA custom ROM’s, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming instructions. Pro- 
gramming instructions may be submitted in any one of 
three ways, as follows: 


1. Master Device—a ROM, PROM, or EPROM thatcontains 
the required programming information. 

2. Floppy Diskette—diskette information must be gen- 
erated on an RCA CDP1800-series microprocessor 
development system. 

3. Computer-Card Deck—use standard 80-column com- 
puter punch cards. 


The requirements for the Master-Device and Floppy-Diskette 
methods are described in the following paragraphs. The 
requirements for all three methods are described in detail in 
brochure, “RCA CMOS ROMs”, RPP-610A. 


Master-Device Method 


Data may be submitted on a master ROM, PROM, or 
EPROM device. 


The ROM INFORMATION SHEET must be completed and 
submitted with the Master Device. In addition to the title, 
option, and data-format information, specify the Master- 
Device type and the first and last addresses of the data 
block in the Master Device. Acceptable Master-Device 
EPROM’s include types 68764, 2732, 2764, 27128, and 
27256 or their equivalents. 


If the Master Device is smaller than the ROM being ordered, 
the starting address of each Master Device must be clearly 
identified. If the Master Device is a ROM, state the active 
polarity of all chip-select/enable functions. 


NOTE: To minimize power consumption, all unused ROM 
locations should contain zeros. 


Read-Only Memories (ROMs) 
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DATA PROGRAMMING INSTRUCTIONS (Cont'd) 


Floppy-Diskette Method 


The diskette contains the ROM address and data inform- 
ation. Title, option, and data-format information must be 
submitted on the ROM Information Sheet. In addition, 
specify the RCA Development System used to generate the 
diskette (CDP18S005, CDP18S007, CDP18S008, or MS2000 
and supply a track number or file name. If possible, include 


ROM Information Sheet 

How is ROM pattern being submitted to RCA? 

check one Master Device (ROM, PROM, or EPROM) 
Floppy Diskette 
Computer Cards 


Programmable Pin Options 
ROM Type CDM5365 


X = Don't Care (Active When Logic 0 or Logic 1T) 


Starting address of ROM pattern in Hex. 


Beas 


lf a master device is submitted, 
state type of ROM*/PROM: 


Starting and last address 
of data block in the 
Master Device (in Hex). 


ee eee 


RCA Custom Number 


*P = Active, When Logic 1; N = Active, When Logic 0; 


a printout of the program for verification purposes. The 
format of the address and data information is essentially the 
same as that described for Computer-Card method detailed 
in RPP-610A with the addition of a carriage-return character 
at the end of each line and an end-of-file character (DC3) at 
the end of the file. 


C) (Complete parts A, B, C, and D) 
CO (Complete parts A, B, C, and E) 
O (Complete parts A, B, and C) 


Customer Company Name (start at left) 


Address or Division 


ROM Type (without CDM prefix, e.g., 5365E) 


Check (\/) one polarity for each pin Polarity Option: 


Pin Number Polarity Options * 
P N X 

20 (CE) O oO g 

22 (OE) oO oO 

26 (CS2) Oo oOo oO 

27 (CS1) O 0 O 


{ If a diskette is submitted, check type of 


RCA Development System used. 
O CDP18S005 O MS2000 


O CDP18S007 
Specify: Track # TT] O cCpp18so00s 


Software program used: Specify: File Name: 

(check one) Software program used:(check one) 
CO] ROM SAVE C MEM SAVE 

CO SAVE PROM [] SAVE PROM 


tTermination of a pin programmed as a DON’T CARE (X) is advised to avoid potential problems of coupling 
to this high impedance node. The termination must adhere to the absolute-maximum input ratings 


(i.e.,-0.5 VS Vin S Vop + 0.5 V and -10 MA S lin S$ 10 mA). 


*If Master Device is a ROM. state active polarity of all chip select/enable functions. 


For additional information refer to the following RCA 
publications: 
“RCA CMOS ROMs”, RPP-610A. 


“Programming 2732 PROM'’s with the CDP18S480 PROM 
Programmer”, RCA Application Note |CAN-6847. 
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CDM53128 
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Features: 


Ispyo=2 UA typical 


TOP VIEW 
92CS-36225 


TERMINAL ASSIGNMENT 


The RCA-CDM53128 is a 131,072-bit asynchronous mask- 
programmable CMOS READ-ONLY memory organized as 
16,384 eight-bit words. The CDM53128 is designed to be 
used with a wide range of general-purpose microprocessor 
systems, including the RCA CDP1800 series system. Two 
chip-enable inputs and an output enable function are 
provided for memory expansion and output buffer control. 
Either chip enable (CE1 or CE2) can gate the address and 
output buffers and power down the chip to the standby 


Al3 


Al 


Se 
CE1/CE1 y> 
__* 
CE2/CE2 > 


_ *¥ 
OE/OE ** 


% MASK PROGRAMMABLE AS: ; 
ACTIVE-HIGH OR ACTIVE- LOW OR DONT CARE 


%*%* MASK PROGRAMMABLE AS: QO 


ACTIVE- HIGH OR ACTIVE LOW 


w Asynchronous operation 
= Fast access time - 250 ns max. 
= Low standby and operating power - 


= 
| 
| 
A3 eae > 
A2 io le 
=— ae tit 
AO 
anny 


ACTIVITY 
DETECTOR 
(AUTO POWER) 
DOWN 


CMOS 16,384-Word by 8-Bit 
LSI Static ROM 


~@ Mask-programmable chip enables 
and output enable 
# TTL input and output compatible 
a 28-pin JEDEC standard pin out 


lopero=10 MA max. at tcyc=1 US; 
=30 mA max. at tcyc=250 ns 
=m Automatic power-down 


mode. The output enable (OE) controls the output buffers 
to eliminate bus contention. The polarity of each chip 
enable and the output enable are user mask-programmable. 
(See Data Programming instructions in this data sheet). 


The CDM53128 is supplied in 28-lead, hermetic, dual-in- 
line side-brazed ceramic (D suffix) and in 28-lead dual-in- 
line plastic (E suffix) packages. 


i 


131,072 BIT 
ROM 
CELL ARRAY 


ADDRESS DECODERS 


92CM-36239 


Fig. 1 - Functional block diagram. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) . 
(Voltage telerenced 10: Vse t6rminal): ts sy anus ay vata ak ateve wwe rad Oo MeseOhsa a Ole at whe dg. ONE RUA 4S ASE TARO ay oS Aw -0.5 to +7V 
INPUT VOLTAGE RANGE, ALL INPUTS ............... 0000s RUE ye GSN ad BW WAGs HOSE Gee 1b See aoe Hae ataa Saree eee -0.5 to Von +0.5 V 
DeINCUT CURRENT. ANY ONE INPUT 42562: o6.00 54 S08 catia Peden gd tae peies MW AS ead aa Ram deans OS ONe sas eeraented +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOr 1 4=-40 10 700" OC (PACKAGETY PELE). fue satc sg ok eo esas urs eoetieta kt aad senuwentnaua nando Baw awnawen eth hwmies 500 mW 

For Ta=t60 to'+85°C (PACKAGE TYPE E) sa iuirensdatene dea dtwoe te SEie CURES OA Re SRE whe eee Derate Linearly at 8 mW/°C to 300 mW 

For Ta=-55 to +100°C (PACKAGE TYPE D).... 0... ccc ccc ccc cece eee eeetes Radar ga tetyat lg cident ati s wee Acale G Oe ce. Sace ee De 500 mW 

FOCTa="100 to: 125° C(PACKAGE TYPE BD) catiacies saree auscewinwa oud ee tale sacee dae Lat nv aman Derate Linearly at 8 mW/°C to 300 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta=FULL PACKAGE-TEMPERATURE RANGE (AII Package TypeéS) ......... ccc cece ccc cece eee e eee e tenet eee eee eneeeens 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PROCCAGE IVE E Dig title ayaa adage We cette Oe ehh Oe Reid tO Os UNE A re ee OA EE CAG ee a eats -55 to +125°C 

PRORAGE LY PEE aan. cur Ges baw ae neue canes in eta cake e ae os WOM eee Saher OAS Mare ROS RA OES aL eR ERG ee oe aes -40 to +85°C 
STORAGE-TEMPERATURE RANGE (Tote) eon vice pate Mie Soe cre pase die die be owe hed poten OGM Ota eaIe egw dk oS EEN ee wees -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from CaSe for 10S MAX. oo i eee ee cece cee e eee e ee eee e eee t eee eeeeeeetenteees +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Von = 5 V + 10%, Except as noted 


LIMITS 


CHARACTERISTIC CONDITIONS ALL TYPES 


Vin = Vic, Vin; CE1 and CE2= 


Average Operating Device Current@ Mit, =n 
Vin; (CE1 and CE2 = Vi) 


d 


lopent 


Vin =0.2 V, Voo -0.2 V; 
CE1 & CE2 = Vpn -0.2 V; 
(CE1 & CE2=0.2 V) teyc=1 


lopen2® 


DC Active Device Current® | Vin = Vir, Vin; CE1 and CE2=|  __ = 15 mA 
lact14 Vin; (CE1 and CE2 = Vit) 


CE1 & CE2=Vop -0.2 V; 


Standby Device Current© 


tone Vop -0.2 V: 
CE1 or CE2=0.2V: 
ice or CE2 = Voo -0.2 V) 


Output Voitage Low- Level 


Input High Voltage s 
Input Leakage Current (Any Input) lin Vss S Vin S Voo | | 


3-State Output Leakage Current four__| VesSVourSVoo | | 
Input Capacitance Cin f= 1 MHz, Ta = 25°C fel oS 
Output Capacitance Cour f= 1 MHz, Ta = 25°C Poe i Bel 
*Typical values are for Ta=25°C and nominal Vop. Cindependent of address input activity, chip disabled. 


@Address inputs toggling, chip enabled, outputs open circuit. OTTL inputs. 
D inputs stable, chip enabled, outputs open circuit. ®CMOS inputs. 
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RECOMMENDED OPERATING CONDITIONS at Ta = -40 to +85°C 


For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 
Input Voltage Range 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty, = -40 to +85°C, Von = 5 V + 10%, 
Input t,, t = 10 ns; C. = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V 


CHARACTERISTIC 


Address Access Time tavav 


a) 
On 
Oo 


Chip Enable to Output Active tevax 


Output Enable to Output Active tevax 


Chip Enable Access tevav =e 250 


Output Enable to Output Valid tevav 90 | ns 


Data Hold After Address taxax 
Chip Disable to Output High Z texaz 
Output Disable to Output High Z texaz 
Cycle Time texe 


t 
AVQV 
. NOTES: 
ae (1) Assumes tevav & tevav 
CEI/CEI ,CE2/CE2 Cs are satisified. 


as cee. (2) Output Active requires 
t 3 both Chip Enables & 
: (2) EVQV texgz(5) Output Enable Active. 
EVQXx (3) Assumes tavav & tavav 
ma are satisfied. 
ee are satisfied. 
(5) Either Invalid Chip Enable 
' Eves t6xqz(5) or Output Enable 
—> 


causes Output High Z. 
(6) Generates 10 ns Valid 


AX? Output Pulses (i.e., tcyc-tavavttaxax) 
KOO 


DATA OUT 


t 
AXQX 92CM-36407R1 


NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. 


Fig. 2 - Timing waveforms. 
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APPLICATION INFORMATION 


CLR 


MAI4 
006 


DO7 
COPI872 
ADDRESS 

LATCH 


8-BIT BIDIRECTIONAL DATA BUS 


ADDRESS BUS 


Pease, = 2} PA 


SERIES 


92CM— 36217 


Fig. 3 - Typical CDP1800 series microprocessor system. 


Decoupling Capacitors 


The CDM53128 operates with a low average dc power 
supply current that varies with cycle time. However, the 
CDM53128 is a large ROM with many internal nodes. Pre- 
charging of selected nodes during portions of the memory 
cycle results in short duration peak currents that can be 
much higher than the average dc value. The rise and fall 


times of the peak current pulses can have a value sufficient 
to generate unwanted system noise components. To 
minimize or eliminate the effects of the current spikes, a 
0.1-uF ceramic decoupling capacitor is recommended 
between the Vpp and Vss pins of every ROM device. 


ROM ORDERING INFORMATION 


All RCA mask-programmable ROM’s are custom-ordered 
devices, ROM program patterns can be submitted to RCA 
by using a master device (ROM, PROM or EPROM), a floppy 


diskette generated on an RCA development system, or 
computer punch cards. 


DATA PROGRAMMING INSTRUCTIONS 


When a customer submits instructions for programming 
RCA custom ROM'’s, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming instructions. Pro- 
gramming instructions may be submitted in any one of 
three ways, as follows: 


1. Master Device—a ROM, PROM, or EPROM that contains 
the required programming information. 


2. Floppy Diskette—diskette information must be gen- 
erated on an RCA CDP1800-series microprocessor 
development system. 

3. Computer-Card Deck—use standard 80-column com- 
puter punch cards. 


The requirements for the Master-Device and Floppy-Diskette 
methods are described in the following paragraphs. The 
requirements for all three methods are described in detail in 
the RCA ROM Brochure, “Sales Policy and Data Pro- 
gramming Instructions’, RPP-610A. 


Master-Device Method 


Data may be submitted on a master ROM, PROM, or 
EPROM device. 


The ROM INFORMATION SHEET must be completed and 
submitted with the master device. In addition to the title, 
option, and data-format information, specify the master- 
device type and the first and last addresses of the data block 
in the master device. Acceptable master-device EPROM’s 
include types 68764, 2732, 2764, and 27128 or their 
equivalents. 


If the ROM to be manufactured is smaller in memory size 
than the master device, or if more than one ROM pattern is 
stored in the master device, the starting address and size of 
each pattern must be stated on separate ROM Information 
Sheets. 


if the Master Device is smaller than the ROM being ordered, 
the starting address of each master device must be clearly 
identified. If the Master Device is a ROM, state the active 
polarity of all chip-select/enable functions. 


NOTE: To minimize power consumption, all unused ROM 
locations should contain zeros. 
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DATA PROGRAMMING INSTRUCTIONS (Cont'd) 


Floppy-Diskette Method 


The diskette contains the ROM address and data inform- 
ation. Title, option, and data-format information must be 
submitted on the ROM Information Sheet. In addition, 
specify the RCA Development System used to generate the 
diskette (CDP18S005, CDP18S007, CDP18S008, or MS2000 


ROM Information Sheet 

How is ROM pattern being submitted to RCA? 

check one Master Device (ROM, PROM, or EPROM) 
Floppy Diskette 
Computer Cards 


ee ae SS ae RCA Customer Number 
5}3}1}2]ey | 


Programmable Pin Options 
ROM Type CDM53128 


PART B PARTA 


Starting address of ROM pattern in Hex. 


ee a 


lf a master device is submitted, 
state type of ROM’/PROM: 


Starting and last address 


of data block in the 
Master Device (in Hex). 


ei: Ter 


+ Termination of a pin programmed as a “DON’T CARE” (X) is 
advised to avoid potential problems of coupling to this high 
impedance mode. The termination must adhere to the absolute 
maximum input ratings (i.e.,-0.5V<SVinSVpopand-10mMASlinS 
10 mA), 


*If the Master Device is a ROM, state the active polarity of all 
chip-select/enable functions. 


* P = Active, When Logic 1; N = Active, When Logic 0: 
X = Don't Care (Active When Logic 0 or Logic 17) 


and supply a track number or file name. If possible, include 
a printout of the program for verification purposes. The 
format of the address and data information is essentially the 
same as that described for Computer-Card method detailed 
in RPP-610A with the addition of a carriage-return character 
at the end of each line and an end-of-file character (DC3) at 
the end of the file. 


(Complete parts A, B, C, and D) 
(Complete parts A, B, C, and E) 
(Complete parts A, B, and C) 


Customer Company Name (start at left) 


Ft i a a WT DG ae 
Met ses eve ests Meal ieee ie i ale eae ot 


Address or Division 


ROM Type (without CDM prefix) 


Check (\/) one polarity for each pin Polarity Option: 


Pin Number Polarity Options * 
20 — (CE1) s a e 
22 — (OE) Oo Oo 

27 — (CE2) oO oO oO 


If a diskette is submitted, check type of 
RCA Development System used. 


O CDP18S005 


Specify: Track # faded 


Software program used: 
(check one) 

1 ROM SAVE 

CO SAVE PROM 


C) MS2000 

CO CDP18S007 
 CDP18S008 
Specify: File Name: 
(check one) 

O MEM SAVE 

O SAVE PROM 


For additional information refer to the following RCA 
publications: 
“Sales Policy and Programming Instructions for RCA 
Custom ROM’s”, RPP-610A. 


“Programming 2732 PROM's with the CDP18S480 PROM 
Programmer’, RCA Application Note ICAN-6847. 


Read-Only Memories (ROMs) 


675 
CDM53256 


CMOS 32,768-Word by 8-Bit | 
LSI Static ROM 


Features 
# Asynchronous operation 
= Fast access time - 250 ns max. 
= Low standby and operating power - 

ISBy2 = 2 pA typical 

IOPER2 = 12 mA max. at tcyc = 1 us 

= 36 mA max. at teye = 250 ns 

Automatic power down 
Mask-programmable chip enable and output enable 
TTL input and output compatible 
28-pin JEDEC standard pin out: Pin 
compatible with the 27256 EPROM 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
| 
(2 
13 
14 


TOP VIEW 
92CS-36224 


TERMINAL ASSIGNMENT 


The RCA-CDM53256 is a 262,144-bit asynchronous mask- enable (OE) controls the output buffers to eliminate bus 
programmble, CMOS READ-ONLY memory organized as contention. The polarities of the chip enable and the output 
32,768 eight-bit words. The CDM53256 is designed to be enable are user mask-programmble. (See Data 


used with a wide range of general-purpose microprocessor Programming Instructions in this data sheet). 
systems, including the RCA CDP1800 series system. One 
chip enable input and an output enable function are 


provided for memory expansion and output buffer control. The CDM53256 is supplied in 28-lead, hermetic, dual-in- 
Chip enable (CE) gates the address and output buffers and line side-brazed ceramic (D suffix) and in 28-lead dual-in- 


powers down the chip to the standby mode. The output line plastic (E suffix) packages. 


262,144 BIT 


=> ROM 
CELL ARRAY 


A2 
=—> 


Al 


ADDRESS DECODERS 


“ U 
ACTIVITY COLUMN GATING 
DETECTOR 
(AUTO POWER) 
DOWN 
> a 


DATA LATCH 


tail Took 
% MASK PROGRAMMABLE AS: VJ AS AS BA \/ \/ \/ 


ACTIVE -HIGH OR ACTIVE- LOW OR DON'T CARE 


%% MASK PROGRAMMABLE AS: Qo Q! Q2 Q3 Q4 Q5 Q6 Q7 
ACTIVE- HIGH OR ACTIVE-LOW 


Fig. 1 - Functional block diagram. 92CM-36246 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) 


CMOS Microprocessors, Memories and Peripherals 


(Voltage: retersriced to: VSS terminal). foc: jcc. va nancten pataae Seen Uae eee ed dea eud de bag RNa we WAG ee Ne EGTA Rene Sad aaa yee -0.5 to +7 V 
INF UT VOLTAGE RANGE: AGLINPUTS 65022040 ja eteees es eoateN Oey ere eee Rae wee hae ee pee ew Ae be SG ete a -0.5 to VoD +0.5 V 
DOUNPUT CURRENT ANYONE INPUT: 4.2 .4a¢ncdacdiit oa vasawa aah woes Seeder aieladaak cans ooo ns ROA Eee Hee wea +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOrtae-40:to 460°C (PACKAGE TY Pe EB) xis sad centre 3 eee a5 vee Re a I Oe MEMOS RS EA i a ere aie ee 500 mW 

Por TA = 46010 $85" C1 PACKAGE-TVPE BE) ice teeta edecthe Cap mane eae aes aR ESS Derate Linearly at 8 mW/°C to 300 mW 

For-LA = 85: 10-4100" C.(PACKAGE’T YPE DB) eicnwciegascaiedeecs cee aatheqesii oud tke ead eae see eee aaa Sa es 500 mW 

For TaA='+100 10 125°C (PACKAGE TYPED): ts aces fect eae Maw orale atte aoe saws Derate Linearly at 8 mW/°C to 300 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA= FULL PACKAGE-TEMPERATURE RANGE (All Package TyP@S) ........ cece ccc eee cette eee ete t enn n een neenees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE VPE BE) snluiah Past boo emrnd teen bas a Ad @amied WA we ale dahon everkiaat Sana ed aura Kecnere otis Sin BH Meares Ue eae -55 to +125°C 

PACKAGE TYPE Biased s.cnawuccenn belies se Sheath eck gta el me ah tte ae wen ea ses ba sath ce hace ied ha eudles ee aneon iy fave e Beat aca -40 to +85°C 
STORAGE-TEMPERATURE RANGE (Tete) \t sins juutuns bende sates eteeee tes Bee eee Med are dawawe ene ieee hi -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

Al-distance 1716:22°1/32 in. C59 4:°0,79' mm) troni-case for tG.s Max. 324A se eee ew eee hal aeons Se aywe ins ad eed +265°C 


RECOMMENDED OPERATING CONDITIONS at TA = -40 to +85°C ware 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the 


following ranges: 


CHARACTERISTIC 


Input Voltage Range 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Vop = 5 V + 10%, Except as noted 


LIMITS 


CHARACTERISTIC CONDITIONS ALL TYPES UNITS 


Average Operating Device Currenta VIN = VIL, VIH; CE = VIH; 


(CE = VIL) 


loperid 


VIN = 0.2 V, VDD -0.2 V; 
CE = VDD -0.2 V; 


IOPER2e 


(CE=0.2V)  tcyc=1 
| — | — | 36 | 
DC Active Device Currentb VIN = ViL, VIH; CE = VIH; 15 mA 
lactid CE =VIL 


: VIN = 0.2 V, VoD -0.2 V: 
IACT2 CE = Vop -0.2 V; 
CE=02V 


Standby Device Current© 


ispyid 


VIN = 0.2 V, VOD -0.2 V; 
CE = 0.2 V; 
(CE = VDD -0.2 V) 


ISBY2e 


Output Voltage eo Level lOoL = 3.2 mA 
Sunol Meter eet a 
melon ee ee 
Input High Voltage ____viq_} —____| 22 7 =_ 
lea ihe Garvey drags be) dt 
[3-State Output Leakage Current _—itour._—'|_Vss<Vour=<voo—*«| — | — | 41 | 
ies Capaciien gs __on_)_{o tier (a2 g'@ sf - 
| Output Capacitance CSC~*~—“‘~sOUT=SCdGs«S= 1 MHz, TA=25°C =| — | 6 | 12 | © 


*Typical values are for TA = 25°C and nominal Vop. ere of address input activity, chip disabled. 
aAddress inputs toggling, chip enabled, outputs open circuit. dTTL inputs. 
Dinputs stable, chip enabled, outputs open circuit. ©CMOS inputs. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, VoD = 5 V + 10%, 
Input tr, tt = 10 ns; CL = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V 


CHARACTERISTICS 


Cycle time 


(6) 
‘cove 
AO - Al4 
(1) 
Tavav 
3) (1) Assumes tevav & tevav 
) tevev t (5) are satisifed. 
. EVaXx™ EXQZ (2) Output Active requires 


both Chip Enable & 


(3) Assumes tayagy & tgyvav 


(2) are satisified. 
"evax | 'exaz'9) (4) Assumes tayay & tevqv 


are satisified. 
eo’ any, 5) Either Invalid Chip Enable 
TAX? YO, 
DATA OUT OO (XS or Output Enable 
NS, WON, causes Output High Z 
(6) Generates 10 ns Valid 
Output Pulses (i.e., tcyc-tavav‘taxax) 


NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. SpeMencous 


Fig. 2- Timing waveforms. 
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APPLICATION INFORMATION 


CDPI872 
ADDRESS 


8- BIT BIDIRECTIONAL DATA BUS 


CLR 


LATCH 


ADDRESS BUS 


xd 


MWR 


Rad les 
_ Y 


COPI800 
SERIES 


92CM-36216 


Fig. 3 - Typical CDP1800 series microprocessor system. 


Decoupting Capacitors 


The CDM53256 operates with a low average dc power 
supply current that varies with cycle time. However, 
CDM53256 is a large ROM with many internal nodes. 
Precharging of selected nodes during portions of the 
memory cycle results in short duration peak currents that 


can be much higher than the average dc value. The rise and 
fall times of the peak current pulses can have a value 
sufficient to generate unwanted system noise components. 
To minimize or eliminate the effects of the current spikes, a 
0.1 wF ceramic decoupling capacitor is recommended 
between the VDD and VSss pins of every ROM device. 


ROM ORDERING INFORMATION 


All RCA mask-programmable ROM’s are custom-ordered 
devices. ROM program patterns can be submitted to RCA 
by using amaster device (ROM, PROM or EPROM), a floppy 


diskette generated on an RCA development system or 
computer punch cards. 


DATA PROGRAMMING INSTRUCTIONS 


When a customer submits instructions for programming 
RCA custom ROM's, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming instructions. 
Programming instructions may be submitted in any one of 
three ways, as follows: 


1. Master Device — a ROM, PROM, or EPROM that 
contains the required programming information. 

2. Floppy Diskette — diskette information must be 
generated on an RCA CDP1800-series microprocessor 
development system. 

3. Computer-Card Deck — use standard 80-column 
computer punch cards. 


The requirements for the Master Device and Floppy Diskette 
methods are described in the following paragraphs. The 
requirements for all three methods are described in detailin 
the RCA ROM Brochure, ‘‘Sales Policy and Data 
Programming Instructions’, RPP-610A. 


Master-Device Method 


Data may be submitted on a master ROM, PROM, or 
EPROM device. 


The ROM INFORMATION SHEET must be completed and 
submitted with the Master-Device. In addition to the title, 
option, and data-format information, specify the Master- 
Device type and the first and last addresses of the data 
block in the Master-Device. Acceptable Master-Device 
EPROMS include types 68764, 2732, 2764, 27128, and 27256 
or their equivalents. 


If the Master-Device is smaller than the ROM being ordered, 
the starting address of each Master-Device must be clearly 
identified. If the Master-Device is a ROM, state the active 
polarity of all chip-select/enable functions. 


NOTE: Tominimize power consumption, all unused ROM 
locations should contain zeros. 
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DATA PROGRAMMING INSTRUCTIONS (Cont'd) 


Floppy-Diskette Method 


The diskette contains the ROM address and data 
information. Title, option, and data format information must 
be submitted on the ROM Information Sheet. In addition, 
specify the RCA Development System used to generate the 
diskette (CDP18S005, CDP18S007, CDP18S008, or MS2000) 
and supply a track number or file name. If possible, include 
ROM information Sheet 
How is ROM pattern being submitted to RCA? 
check one Master Device (ROM, PROM, or EPROM) 
Floppy Diskette 
Computer Cards 


Customer Name (start at left) 


a printout of the program for vertification purposes. The 
format of the address and data information is essentially the 
same as that described for Computer-Card method detailed 
in RPP-610A with the addition of a carriage-return character 
at the end of each line and an end-of-file character (DC3) at 
the end of the file. 


O (Complete parts A, B, C, and D) 
O (Complete parts A, B, C, and E) 
O (Complete parts A, B, and C) 


eee RCA Custom Number 


Address or Division 


| tt | ET tL}  oROM Type (without CDM prefix, e.g. 53256) 


Programmable Pin Options 
ROM Type CDM53256 


Check ( ,/ 
Pin Number 
P N 
20—(CE) nD oO 
22 — (OE) O a 


PART B 


Starting address of ROM pattern in Hex. 


a a 


lf a master device is submitted, 
state type of ROMe/PROM: 


Starting and last address 


of data block in the 
Master Device (in Hex). 


Ee ee 


*Termination of a pin programmed as a “DON’T CARE" (X) 
is advised to avoid potential problems of coupling to this 
high impedance mode. The termination must adhere to the 
absolute maximum input ratings (i.e., -0.5 VS VIN S VDD + 
0.5Vand-10 mMASIIN< 10 mA). 


*if Master Device is a ROM, state active polarity of all chip 
select/enable functions. 


*P = Active, When Logic 1; N = Active, When Logic 0; 
X = Don’t Care (Active When Logic 0 or Logic 1*) 


) one polarity for each pin Polarity Option: 
Polarity Options * 


X 
a) 


lf a diskette is submitted, check type of 
RCA Development System used. 


O CDP18S005 O ms2000 
Specify: Track # O CDP18S007 


O CDP18S008 
Specify: File Name: 
(check one) 

O MEM SAVE 

O SAVE PROM 


Software program used: 
(check one) 

DO ROM SAVE 

O SAVE PROM 


For additional information refer to the following RCA 
publications: 


“Sales Policy and Programming Instructions for RCA 
Custom ROM’s”, RPP-610A. 


“Programming 2732 PROMs with the CDP18S480 PROM 
Programmer’, RCA Application Note ICAN-6847. 
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CDP1831, CDP1831C 


512-Word x 8-Bit Static 


Features: 


| 

2 
3 
4 
5 
6 
7 
8 
9 
10 


Read-Only Memory 


= Compatible with CDP1800 and CD4000-series devices 

® On-chip address latch 

= Interfaces with CDP1802 microprocessor without 
additional components 


TOP VIEW # Optional programmable location within 64K 


NC = NO CONNECTION 
92CS~ 27584R2 


Terminal Assignment 


The RCA-CDP 1831 and CDP1831C types 
are 4096-bit mask-programmable CMOS 
read-only memories organized as 512 
words x 8 bits and are completely static; no 
clocks required. They will directly interface 
with CDP1800-series micro-processors 
without additional components. 


The CDP1831 and CDP1831C respond to 
16-bit address multiplexed on 8 address 
lines. Address latches are provided on-chip 
to store the 8 most significant bits of the 
16-bit address. By mask option, this ROM 
can be programmed to operate in any 512- 
word block within 64K memory space. The 
polarity of the high address strobe (TPA), 
and CS1 and CS2 are user mask-program- 
mable. (See RPP-610, “ROM Sales Policy 
and Data Programming Instructions’). 


memory space 
s Three-state outputs 


The Chip-Enable output signal (CEO) goes 
“high” when the device is selected, and is 
intended for use an an output disable con- 
trol for RAM memory in a microprocessor 
system. 


The CDP 1831C is functionally identical to | 
the CDP1831. The CDP1831 has an operat- 
ing voltage range of 4 to 10.5 volts, and the 
CDP1831C has an operating voltage range 
of 4 to 6.5 volts. 


The CDP1831 and CDP1831C types are 
supplied in 24-lead hermetic dual-in-line, 
side-brazed ceramic packages (D suffix) 
and in 24-lead dual-in-line plastic packages 
(E suffix). The CDP1831C is also available 
in chip form (H suffix). 


1.| A | 8 
ma7—m 5 | OU > BuS7 
macy 0 | c 6, Buse 
MAS SE | E > Buss 
maa = as 4, Bus4 
& OUTPUT [13 
ward oF: STORAGE SUFFERS [> BUS3 
wa AVE PBs? 
tet | § o> BUS | 
mao =e H | 0 BUSO 
tea ssec. | E 
MRD 
SELECT CEO 
Cs2 DECODE 
CsI NO CONNECTION = 22 
Vop = 24 
Vss = |2 


Fig. 1 - Functional diagram. 
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CDP1831, CDP1831C 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop): 
(All voltage values referenced to Vss terminal) 


CDPIBAY hoa Oo etal Ras te coon WR e toma SSO RSE FD RES -0.5to+11V 
COPIOS TC. seiko hades Mee Os Sa ee Kee OE REUSE RET RWS HOE ee ON SRA ES -0.5 to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS ......... cece cece ence eee erent eeee -0.5 to Von + 0.5 V 
DC INPUT CURRENT, ANY ONE-INPUT ais cacade cs cei whe ier 6 ks ve eee vera were hae +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta ==40 to + 60°C (PAGKAGE TYPE: E) scava. dees erat eesssiwbivese de eweyaew a needs 500 mW 
For Ta = +60 to + 85°C (PACKAGE TYPE E)............ Derate Linearly at 12 mW/°C to 200 mW 
For Ta =-55-to.+ 100°C. (PACKAGE TYPE D) exc sshd wei iaiasa te wie oe ud ed CON se tee 500 mW 
For Ta = +100 to + 125°C (PACKAGE TYPE D)......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE .......... cece cece cece ete enee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta) 
PACKAGE. TV PE: Dio psecap nce enso eianierGes s6.044 cnGd taoutee ed cee tee weteawe baw aes -55 to + 125°C 
PAGKAGE:TYVPE:E sé catcher uiexn cu euaevvien ath tahwes eyewash eae bee bien e ie eee vies ke -40 to + 85°C 
STORAGE TEMPERATURE RANGE (Tetg) «0.00... ee cee cee eee cent eee e ene eeees -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 S Max............ 0. ee eae + 265°C 


OPERATING CONDITIONS at T, = Full Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC 


DC Operating Voltage Range 
Input Voltage Range 


STATIC ELECTRICAL CHARACTERISTICS at Ta = —40 to +85°C, Except as noted 


CHARACTERISTIC 


Quiescent Device 
Current, lop 

Output Low Drive 5 
(Sink) Current, lor 

Output High Drive 
(Source) Current, 

lou 

Output Voltage 
Low-Level, VoL 

Output Voltage | — [05 _ 
High Level, Von 0, 

Input Low Voltage, 10.5.4.5| — | 
Viv 19 { — { 10 


Input High Voltage, |0.5,4.5 
Vin ’ 


Input Leakage 
Current, lin 

3-State Output 
Leakage Current, 
lout 


Capacitance, Cin 
Capacitance, Cout 


Operating Current, 


ol 
o1 


=k 
wo 
io) 


I 
© . 
yep) 
on 


| 
% 
1) 
on 
- 
=—|oO 
— ie 


— 
Oo 


= 


oO > 


~—- 
oO 
<4 = pet =& — mare ae = i 


aN Er 
7 a 
_ oO NO 
fe fede] fee} fe ef] ale 


—_ ae ba | 
o ln la 


H- 


s 


“Typical values are for'“one” Ta = 25°C tOutputs open-circuited; cycle time = 2.5 ws 
and nominal Voo 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to + 85°C, Von +5%, 
Input t,, tt = 10 ns, C, = 50 pF, Rt = 200k 
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TEST LIMITS 
CONDITIONS CDP1831 CDP1831C 
CHARACTERISTIC Vop UNITS 
(V) Min.t Typ.* Max. Min.t Typ.* Max. 
Access Time from 
Address Change, 5 — 850 1000 — 850 1000 
taa 10 — 350 400 — — — 
Access Time from 
Chip Select, 5 — 700 ~=800 — 700 ~=800 
tacs 10 — 250 300 — — — 
Chip Select Delay, 5 — 600 — — 600 — 
tes 10 — 200 300 — — — 
Address Setup Time, 5 50 — — 50 — — 
tas 10 25 — — — — — 
Address Hold Time, 5 150 _— — 150 — _— ns 
tan | 10 75 — _ — — — 
Read Delay, tian 5 — 300 500 — 300 500 
10 — 100 150 — — — 
Chip Enable Output 
Delay from Address, 5 — 500 600 — 500 + 600 
tca : 10 — 200 250 — — — 
Bus Contention Delay, 5 — 200 350 — 200 350 
to 10 — 100 150 — — -— 
TPA Pulse Width, 5 200 — - 200 — _ 
tpaw 10 70 — — Ea — — 


tTime required by a limit device to allow for the indicated function. 
*Time required by a typical device to allow for the indicated function. Typical values are for 
Ta = 25°C and nominal Vpp. 


LOW ORDER 
ADDRESS BYTE 


HIGH IMPEDANCE 


VALID DATA 


OUTPUT 
ACTIVE 


92CM- 31039R2 


CEO 


Fig. 2 - Timing waveforms. 
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Note: 

The dynamic characteristics and timing 
diagrams indicate maximum performance 
capability of the CDP1831. When used di- 
rectly with a CDP1800-series microproces- 
sor, timing will be determined by the clock 
frequency and internal delays of the 
microprocessor. 


The following general timing relationships 
will hold when the CDP1831 is used with a 
CDP1800-series microprocessor: 

tan = 0.5 te 

tpaw = 1 te 

MRD occurs one clock period (t.) earlier 

than the address bits MAO-MA7. 

1 


where t, = CPU clock frequency 
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CDP1832, CDP1832C 


TERMINAL ASSIGNMENT 


Features: 


I 
2 
3 
4 
5 
6 
7 
8 
9 


devices 


512 x 8 EPROM 


TOP VIEW = Three-state outputs 


NC = NO CONNECTION 
92CS- 27579R2 


The RCA CDP1832 and CDP1832C types are 4096-bit 
mask-programmable CMOS read-only memories organized 
as 512 words x 8 bits and designed for use in CDP1800- 
series microprocessor systems. (See PD30, “ROM Purchase 
Policy and Data Programming Instructions.”) 


The CDP1832 ROMs are completely static; no clocks are 
required. 


A Chip-Select input (CS) is provided for memory expansion. 
Outputs are enabled when CS=0. 


The CDP1832 is a pin-for-pin compatible replacement for 
the industry types 2704 EPROM. 


TCH 
AOOR BUS ADOR al 


8 BIT BIDIRECTIONAL DATA BUS 


CMOS Microprocessors, Memories and Peripherals 


512-Word x 8-Bit Static 
Read-Only Memory 


= Compatible with CDP1800 and CD4000-series 


=» Functional replacement for industry type 2704 


The CDP1832C is functionally identical to the CDP1832. 
The CDP1832 has an operating voltage range of 4 to 10.5 
volts, and the CDP1832C has an operating voltage range of 
4 to 6.5 volts. 


The CDP1832 and CDP1832C are supplied in 24-lead, 
hermetic, dual-in-line, side-brazed, ceramic packages (D 
suffix) and in 24-lead dual-in-line plastic packages (E 
suffix). The CDP1832C is also available in chip form (H 
suffix). 


92CS-27580R3 


Fig. 1 - Typical CDP1802 microprocessor system. 
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CDP1832, CDP1832C 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss terminal) 

COP VOSe: cacinegtt Maha eS EEE et Spas aaa dalam any ote hh ee ceeds atangs -0.5 to +11 V 

NSS Cars titan eince iy Wid ie ashe ay inet Bai GP gh deat oaee oa ies a Ae AE ea area een -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ............ 0c. cece cc eee eee eens eee eees -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANYONE INPUT: «..st.penerecs terinesind ale dss eonwan bans eaes wees +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOR ?A=-40-10 60°C (PACKAGE TYPE E) i atunaretiscitasdisweiacustaes eee ess 500 mW 

For Ta=t60 to +85°C (PACKAGE TYPE E) ............ Derate Linearly at 12 mV/°C to 200 mW 

For TA=-50:t0o-* 100° C(PACKAGE TYPE: D) 24 ses 5 365 2 eioh eod Sa ae ew eee dee Le 500 mW 

For Ta=+100 to 125°C (PACKAGE TYPE D)........... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types)............... 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PAGKAGE TYPED sé eens chats Oeil ed bag Gents teva ee ot ketaeh an uuoaeetars ~55 to +125°C 

PACKAGE. TYPE Ea uctr derek vee ok vida a y.0% hohe aware bake aSieree ante ene aas -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstq) i te cund crete eee ene tane kee eeaek ou eats -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10s max. ...... cece eee ee +265°C 


OPERATING CONDITIONS at Ta=Full Package-Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation is always within the 


LIMITS 
CHARACTERISTIC CDP1832 CDP1832C 


following ranges: 


DC Operating Voltage Range 
Input Voltage Range 


LIMITS 
CDP1832 CDP1832C 


(V) 


Output Low Drive 
(Sink) Current, loc 


Output High Drive 
(Source) Current, loy 


Sf ofa yg 
als ale 


on oR! oO 
Lb am in ££ 
° 
—_ 
(em) 


Output Voltage 0,5] 5 0.1 
Low-Level, VoL 0, 10 Ea ee ee == 
Output Voltage 5 4.9 iz 
High Level, VOH L bod el V 
is 1.5 


; 0, 10 
Input Low 0.5,4.5 5 
Potwgevn [ne | — [wo | — | — 
Input High 0.5,4.5 ; 
e|— [ior | — 
Current, lin Input 
3-State Output Leakage 
Current, lout , 10 
Input Capacitance, 
fw | [- 
COUT oe 
0:5 
[= fee 


Operating Device 
Current, lpoit 


“Typical values are for Ta=25°C and nominal Vop. 
TOutputs open-circuited; cycle time=2.5 us. 


20 
on 
Go 
— 
on 
ani, —_ pom § a_i, 
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CDP1832, CDP1832C 


MA3 OUTPUT 
MA4 = BOLE eRS C BUF FERS 


D 
DECODERS 


FUNCTIONAL DIAGRAM 
92CS- 2758iRI 
Fig. 2 - Functional diagram. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp +5%, 
Input t,,tf=10 ns, CL=50 pF, RL=200 kQ 


TEST | LIMITS 
CHARACTERISTIC CONDITIONS CDP1832 | cpp1s32 | = CDP1832¢ | UNITS 
VDD 


(V) 


Access Time From 


Address Change, taa 
Access Time From Chip 
Select, tacs 


* Time required by a typical device to allow for the indicated function. Typical values are for 
Ta=25°C and nominal Vpp. 


MEMORY ADORESS 


ts 
tacs ————_* 
BUS sur 
HIGH | IMPEDANCE OUTPU VALID 
ACTIVE LOW 
tes DATA 
eS Ae 92CS - 31055R2 


Fig. 3 - Timing waveforms. 


Read-Only Memories (ROMs) 


Features: 


| 
2 
3 
4 
5 
6 
7 
8 
9 
10 


arse components 


TERMINAL ASSIGNMENT 


The RCA-CDP1833, CDP1833C, and CDP1833BC are static 
8192-bit mask-programmable CMOS read-only memories 
organized as 1024-words x 8 bits and are completely static; 
no clocks are required. They will directly interface with the 
CDP1800-series microprocessors without additional 
components. 


The CDP1833, CDP1833C, and CDP1833BC respond toa 
16-bit address multiplexed on 8 address lines. Address 
latches are provided on-chip to store the 8 most significant 
bits of the 16-bit address. By mask option, this ROM can be 
programmed to operate in any 1024-word block within 64K 
memory space. The polarity of the high-address strobe 
(TPA), CEI, CS1, and CS2 are user mask-programmable. 


(See RPP-610, “Sales Policy and Data Programming 
Instructions’, for RCA Custom ROMs). 


| AOOR BUS 


ROM 
COP 1833 


8-BIT BIDIRECTIONAL DATA BUS 
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CDP1833, CDP1833C, CDP1833BC 


CMOS 1024-Word x 8-Bit Static 
Read-Only Memory 


= CDP1833BC is compatible with the CDP1802BC 5 MHz microprocessor 
s On-chip address latch 
a Interfaces with CDP1800-series microprocessors without additional 


= Optional programmable location within 64K memory space 
92CS - 28889R2 = Three-state outputs 


The Chip-Enable output signal (CEO) is “high” when the 
device is selected. Terminals CEO and CEI! can be 
connected in a daisy chain to control selection of RAM 
memory in a microprocessor system without additional 
components. 


The CDP1833C and CDP1833BC are functionally identical 
to the CDP1833. The CDP1833 has a recommended 
operating voltage range of 4 to 10.5 volts, and the CDP1833C 
and CDP1833BC have a recommended operating voltage 
range of 4 to 6.5 volts. The CDP1833BC is designed to 
interface with the CDP1802BC microprocessor. 


The CDP1833, CDP1833C, and CDP1833BC are supplied 
in 24-lead hermetic dual-in-line side-brazed ceramic 
package (D suffix) and 24-lead dual-in-line plastic package 
(E suffix). The CDP1833C is also available in chip form (H 
suffix). 


CLEAR WAIT 


92 CM-28890 RI 


Fig. 1 - Typical CDP1800 Series microprocessor system. 
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CDP1833, CDP1833C, CDP1833BC 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss terminal) 


CMOS Microprocessors, Memories and Peripherals 


CD P1838 e565 55, cae oh baer ele Ga ge eb SP ACES GEAR OER EU ee ore SAS ON a WV eS Bek SA Nae AR Rare Hig ok -0.5to+11V 

CDOP1838C,' CDP 1833S BC sissc cirs cles bead REGS RE OLE T SSSA SO RE AUER SIC EVAG SS HES BEG. 4 ogalied Seti tne oma tates 05 to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS 20... cc ccc cece ee te ee eee eee etn e eee e een eee e tree net neeee -0.5 to VOD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT “cic seceding soc esa seed dened e dees Dea eRe tia $e eta ean yee Tew ON te Ee ETS +10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For TA = -40 to +60°C (PACKAGE TYPE E) 20... . cece cece cc eee eee tee nee e nent nee nee tees eben ene e eet eeees 500 mW 

For TA = +60 to +85°C (PACKAGE TYPE E) 20... .ccccceceenctovenecsenbesrsutenneereoees Derate Linearly at 12 mV/°C to 200 mW 

For TA = -55 to +100°C (PACKAGE TYPE D)...... cece cece cece ee cree ene e ee ee tent e eee e eee reeset ee eeenseerenees 500 mW 

For TA = +100 to 125°C (PACKAGE TYPE D)....... cc cece cece reece eer et ences srensveces Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA = FULL PACKAGE-TEMPERATURE RANGE (All PackageS)...... 0.0. cece cee eee e eee eee nee e ee een eee eenenes 100 mW 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPED is c¢c5s56s tek pharaoh eee Owe eae ieee MEG PRM Ee a BUSS SRS OGRE Me Ea -55 to +125°C 

PACKAGE TYPE Bicic ween cd oat dana bee oe ONS Bb hc ea ME RS DOLE Ge a Re Uae ee See eo SAG Eee aes Pee e -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg).......ccc ccc ee cree teen eee eee eee eee eee eee e eee eee ee eee eee eneereneee -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. oo. cece cece eee ee eee renee eee e teen eee e eet ee eens +265°C 


OPERATING CONDITIONS at Ta = -40° to +85°C 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC CDP1833 CDP1833C, CDP1833BC 


UNITS 


MA7—> A | B BUS? 
Te BUS6 
MA5 — Beale BUSS 
Mage os | R |.024n8 BUS4 
5.) S$ |g O neat ts OUTPUT 
MA3 STORAGE BUS3 
5 AROAY BUFFERS 
MA2 bE BUS2 
MAI — T ¢ BUSI 
maoe C! 5 BUSO 
Sa 
R 
TPA E 
BANK r19 
SELECT satis 
Gee DECODE MRD 
CsI De 
EI 
Vop=24 22 
Vggil2 92CS- 2889 IR4 


Fig. 2 - Functional diagram. 
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CDP1833, CDP1833C, CDP1833BC 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Voo + 5%, Except as noted 


CONDITIONS LIMITS 


CHARACTERISTIC 


Quiescent Device Current 


Output Low Drive 


ra Sm _ A  a a 
(Sink) Curent eC A | 
Suu gh Bre ~ pas fas fs [os Pe 
a 
Output Votage op Ce 


Voltage Sie ee ee ee ee ee 
Voltage eee ee 


See 
pees aera [= fee a 
S-State Output ~fas [os [sf = fewer) ar [= Ter a 
Operating Davies = a 
Current wot! — fowl, of —- |«t[eof-f-f;—-|" 
| input Capacitance sow | — | — | — | — | 5 | 75 | — | 5 | 75 | 
Pounnemmcianen: — em eee Cae ah en od ee 


* Typical values are for Ta = 25°C and nominal Vop. 
t Outputs open-circuit; cycle time = 2.5 us. 


‘8-BIT BIDIRECTIONAL DATA B8US 


CHIP SELECT 
SIGNAL 


92C8-31973RI 


Fig. 3 - Daisy chaining CDP1833's. 


“Daisy Chaining” with CEI inputs and CEO outputs is used #2 masked-programmed for memory locations 040016- 
to avoid memory conflicts between ROM and RAM in a user O7FFi6, for address from 0000-07FFie the RAM would be 
system. Inthe above configuration, if ROM #1 was masked- disabled and the ROM enabled. For locations above 07FFieé 


programmed for memory locations 0000-03FF16 and ROM the ROM'’s would be disabled and the RAM enabled. 


690 
CDP1833, CDP1833C, CDP1833BC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to =85°C, Voo + 5%, 
Input tr, t' = 10 ns, C. = 50 pF, Rt = 200 kQ 


CMOS Microprocessors, Memories and Peripherals 


TEST LIMITS 


CHARACTERISTIC CONDITIONS CDP1833 CDP1833C CDP1833BC UNITS 


I ad on Wold earls a 


Address Change ees t= T= tt 
Supeaes Sony ee 
EO en ee ee 
eeaneee ee eo ae 
| ee 8 
os Ts = | 400 [soo | — | woo [300 | — | woo | 500 
te emer eee eg 
GhipEnable Output |_—s ~—«d 120 Paro | — | veo | ro] — | 190 [a0 | 
“Delay trom Address_tea [10 | — | 7 [10]-|-|-|/-|]-|-| 
eam ES AS Cl 
ae sae 
meemene | _* [= [=| = [eae | = [a 
cry two | — [wo fof - | = aes es a 


Delay 


# Time required by a limit device to allow for the indicated function. 


® Time required by a typical device to allow for the indicated function. Typical values are for 
Ta = 25°C and nominal voltages. 


MA HIGH ORDER LOW ORDER 
\ AOORESS BYTE ADDRESS BYTE 


HIGH IMPEDANCE 


VALID DATA 


92CM- 31039R2 


Fig. 4 - Timing waveforms. 


Note: 
The dynamic characteristics and timing diagrams indicate tAH = 0.5 te 
maximum performance capability of the CDP1833. When trpaw = 1 tc 


used directly with a CDP1800-series microprocessor, timing ———— ; 
will be determined by the clock frequency and internal MRD occurs one clock period (tc) earlier than the address 


delays of the microprocessor. bits MAO-MA7. 

The following general timing relationships will hold when 1 

the CDP1833 is used with a CDP1800-series micro- where te = 

processor. CPU clock frequency 


Read-Only Memories (ROMs) 


Features 


! 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Ul 
12 


TOP VIEW 


NC = NO CONNECTION 
92C$8-28727 


CDP1834, CDP1834C 
TERMINAL ASSIGNMENT 


The RCA-CDP1834 and CDP1834C are 8192-bit mask- 
programmable CMOS read-only memories organized as 
1024-words x 8-bits and designed for use in CDP1800- 
series microprocessor systems. The CDP1834-series ROM’s 
are completely static; no clocks are required. 


Two Chip-Select inputs (CS1, CS2) are provided for memory 
expansion. The polarity of each Chip-Select is user mask- 
programmable. (See PD30. “ROM Purchase Policy and 


8-BIT BIDIRECTIONAL DATA BUS 


691 
CDP1834, CDP1834C 


1028-Word x 8-Bit Static 
Read-Only Memory 


a Industry pin compatible 
ws Three-state outputs 


Data Programming Instructions”). The CDP1834-series is 
pin-compatible with industry type 2708 EPROM. The 
CDP1834C is functionally identical to the CDP1834. The 
CDP1834 has a recommended operating voltage range of 4 
to 10.5 volts and the CDP1834C has a recommended 
operating voltage range of 4 to 6.5 volts. The CDP 1834 and 
the CDP1834C are supplied in 24-lead dual-in-line ceramic 
packages (D suffix) and in 24-lead dual-in-line plastic 
packages (E suffix). The CDP1834C is also available in chip 
form (H suffix). 


MPD 


DMA-IN_DMA-OUT 


92CM-32226 


Fig. 1 - Typical CDP1802 microprocessor system. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


CMOS Microprocessors, Memories and Peripherals 


DC SUPPLY-VOLTAGE RANGE, (Vpp): 
(All voltage values referenced to Vss terminal) 


O18) ag: 6) ee a ee ee ee ee teen Tr eee ce ee rhe Ter ee ee eer ee ee eee 0.5 to +11 V 
CDPIBB4 Cin he Sue et oasis ses been ee aca dew ORG ats eee SEES Ha RAN Re See Dae HERES Sine wa See EMS Tee Sole saan -0.5to+7V 
INPUT VOLTAGE. RANGE, ALL: INPUTS, 6c. s4.0c'ssc5 si eederiee egies SSE a ONG KOS a eee ed ba eee ds pean e ee dees -0.5 to Vpp +0.5 V 
DG INPUT CURRENT, ANY ONE: INPUT o2 icc cvrius cin cane oven eh bao ein ba eR eed Ricwules's Pew de sa F ie Vane tan awe aes baw eens +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): : 
FOr TA 406 +00"C (PACKAGE TYPE E)itrcicecd cass teat e ae tes umn hee DA Se eae Rhee ee eee ee ane eE Ree eee aes 500 mW 
For Ta = +60:to +85°C.-(PACKAGE TYPE E). cco ses ciis cis cee ties eS beGeS ese wek Cal odee ness aes Derate Linearly at 12 mW/°C to 200 mW 
For TA ==55 10 +100°C (PACKAGE TYPE) 22 ssa medics anwar hod d de xadieledins ctw SA Ree e EV eawae Fe wage ew ewemeute Ciaegs 500 mW 
For T A= 100 to +325" C (PACKAGE TYPE D):.5ca55020y4dsineg ee eee enema a edeees eae ewes Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For lA FULL PAGKAGE- TEMPERATURE RANGE i is cvra said ee Sake i dew eee ee ee Ok SIAR N EM eN ee es Hine eee wae anos 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE PY PED ssaiccuw steak ase bale wad en yaad ee ehd bike daw eee pean e sae Sa dn alee hehe Veneer eee eds: -55 to +125°C 
PACKAGE PVPE- bre siGhe leo yu Aad ete iehey or ed ea oes ecg Wie Sai Ae eu aoe alsaanre Seem SOMES OIA Rae Dacia wee RES been oe NES -40 to +85°C 
STORAGE TEMPERATURE RANGE OS (0) ee -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from Case for 10S MAX. 2... Lecce ce ee eee eee eee eee eee eee eee e eee eee +265°C 


STATIC ELECTRICAL CHARACTERISTICS at T, = -40 to +85°C, Vpp 5%, Except as noted 


CONDITIONS LIMITS 
CHARACTERISTIC Tg ne ees CDP1834 CDP1834C UNITS 
(V) | Min. | Typ.* | Max.| Min. | Typ.* | Max. | 
. . 5 5 0.01 50 0.02 200 
t D C t A 
Output Low Drive 0.4 0,5 5 0.8 
(Sink) Current 0.5 0,10 10 1.8 
Output High Drive 4.6 0,5 5 -0.8 
(Source) Current 9.5 0, 10 10 -1.8 
Output Voltage Low-Level VOL a : on Cele ee | 
0,10 10 0.1 —_ 
Output Voltage High Level VOH 0,5 ° a2 S 4.9 
0, 10 10 9.9 10 _ 
Input Low Voltage Vii | oe? : ‘2 Ae 
1,9 10 3 — 
0.5, 4.5 5 3.5 
raven wT Tete? =| -[=|-1— 
Input Leakage Current TIN AY 2 a - 
Input | 0, 10 10 +2 = 
3-State Output 0,5 5 5 +1 +1 
Leakage Current lout|] 0,10 10 10 +2 me 
Input Capacitance cnt — |—-.[—-|[-] 5 | 73] —- | 5 | 75] 
Output Capacitance Cour] — | — | — | — |] |] | — | 0] 1] 
0,5 5 7 10 7 10 
Operating Device Current !pp1 


"Typical values are for Ta = 25°C and nominal Vpp. 
tOutputs open-circuited; cycle time = 2.5 us. 
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CDP1834, CDP1834C 


OPERATING CONDITIONS at T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CDP1834 CDP1834C 


CHARACTERISTIC 


| Min. | Max. _| 
DC Operating Voltage Range 


TEST 
CONDITIONS 


CHARACTERISTIC 


Access Time from Address Change, 


LIMITS 
CDP1834 CDP1834C 
UNITS 
tAA 


Access Time from Chip Select, 5 au 
tacs 325_ | 410 

Chip Select Delay, 5 480 580 480 580 

fo Ef | af | | | 


“Typical values are for Ta = 25°C and nominal Vpp. 


cs 


MA 


Bus HIGH IMPEDANCE 


OUTPUTS 
ACTIVE 


VALID DATA 
92CS8-28915R! 


Fig. 2 - Timing waveforms. 


BUFFERS 
AND 


MAS DECODERS BUS3 
MAG BUS2 
MA7 BUS| 

MA8 BUS O 


Vss 712 


92CS-28914R3 


Fig. 3 - Functional diagram. 
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CDP1835C 


CMOS 2048-Word x 8-Bit Static 
Read-Only Memory 


| 
2 
3 
4 
5 
6 
7 
8 
9 Features: 
10 
TT a Interfaces with CDP1800-series microprocessors 
l2 (fclock = 5 MHz) without additional components 
TOP we = On-chip address latch , 
Reeser ee = On-chip address decoder provides programmable location within 64K 
memory space 


a Three-state outputs 


TERMINAL ASSIGNMENT 


The RCA-CDP1835C is a 16384-bit mask-programmable 
CMOS read-only memory, organized as 2048 words x 8 bits 
and is completely static: no clocks required. It will directly 
interface with CDP1800-series microprocessors that have 
clock frequencies up to 5 MHz without additional 
components. 


The CDP1835C responds to a 16-bit address multiplexed on 
8 address lines. Address latches are provided on-chip to 
store the 8 most significant bits of the 16-bit address. By 
mask option, this ROM can be programmed to operate in 
any 2048-word block of 64K memory space. The polarity of 
the high address strobe (TPA), MRD, CEI, CS1, and CS2 are 
user mask-programmable. 


(See Data Programming Instructions in this data sheet.) 


The Chip-Enable output signal (CEO) is “high” when the 
device is selected. Terminals CEO and CEI can be connected 
in a daisy chain to control selection of RAM memory in a 
microprocessor system without additional components. 


The CDP1835C has a recommended operating voltage 
range of 4 to 6.5 volts. 


The CDP1835C is supplied in 24-lead heremetic dual-in- 
line side-brazed ceramic packages (D suffix) and 24-lead 
dual-in-line plastic packages (E suffix). 


CLEAR WAIT 


8-BIT BIDIRECTIONAL DATA BUS 


92CM~-33192R! 


Fig. 1 - Typical CDP1800 Series microprocessor system. 
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CDP1835C 

MAXIMUM RATING, Abso/ute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vob): 

(All voltages: reieranced 10 VSS:terMING!): sissies pane oe head ee OEOT He WING REIN AG RERS ORIN CS Tis 0595 6 OE NESW HER ERO A Rae -0.5 to +7 V 
INPUT VOLTAGE RANGE. ALL INPUTS. i5c0 se eacacs oie iain de nreds ener is, ca eG pee Rh ewes $aa ee eIEW eee -0.5 to Voo +0.5 V 
BC INPUT-CURRENT: ANY ONE INPUT ied 5 srwste ae ores Kee ea awe Or Bana Woe aie ele VG SaaS PRTG A RNR S +10 mA 
POWER DISSIPATION PER PACKAGE (Pb): , 

For TA’ =-40 to:+60° C: (PACKAGE TYPE E) ics cise tro ieravnn pia teadans 4) ware saan oo bere acens Pale Yinlagigsal aio wE RCA ws 500 mW 

For TA = +60 to +85°C (PACKAGE TYPE E)......cccccccccccncersececsesesesecenveerecssaees Derate Linearly at 12 mW/°C to 200 mW 

FOr TA ==55 to +100°C (PACKAGE TYPE: D) si oicwewatiand ada dies Oy ew edt eeu eee Wek ewe iek see hee 5008 coeee eae sioesed eau 500 mW 

For TA-=+100 to +125°C (PACKAGE TYPE D) sb cise ses cece ees se bane prawn See Dead ees Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA > FULL PACKAGE-TEMPERATURE. RANGE) scikiiiinacetiws Cone e096 5504 N iw a COE ORNS Hele NOC Fukae dee ee eawetewy 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPED itia cieorsetasdatesuae taeda tenaens Wid ahen wa wees eek S aan eae PO pee ee SIGE Aes ve ae ee -55 to +125°C 

PACKAGE TYPE & sc0vcosteccin wir ceuaha ta yich eee Vailaa id yee awe ae ER cw oe a Awe weed eas BR Gas -40 to +85°C 
STORAGE TEMPERA TURE 'IRANGE (iste) vn iiv area pneei Ge tinial edna wea eaee dea thaw fas haswhle daa haw et iaweati wesw -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. ......cccc cece cree eee cer eeeeeeesetesereeseestesernens +265°C 


OPERATING CONDITIONS at Ta = FULL PACKAGE-TEMPERATURE RANGE 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


LIMITS 
CDP1835C 


CHARACTERISTIC 


DC Operating Voltage Range er Sa 6.5 
Input Voltage Range Vop 


UNITS 


ADDRESS 


MAT 1 LATCH, BUS 7 
CONTROL 2048x 8 OUTPUT 
MAG 2 CIRCUIT MEMORY BUFFERS BUS 6 
MAS AND 
> DECODER eves 
MAG SELECT BUS 4 
MA3 BUS 3 
MA2 BUS 2 
MA1 BUS! 
MAO BUSO 
TPA 
MRO OUTPUT 
- CONTROL 
O—-——Vop cst ie 
12 
O——Vss cs2 cer 22) > ceo 


92CM-37227 


Fig. 2 - Functional block diagram. 
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CDP1835C 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, VDD = 5 V + 5%, except as noted 


| CONDITIONS LIMITS 


sis k= ca 


ee 
Output Low Drive (Sink) Current peta fae tet 


Output High Drive (Source) Current IOH -1 fa teh 


CHARACTERISTIC 


mA 


Output Voltage Low-Level VOL 0, VDD 


| OutputVottage High-Level von | — | a voo | voo-01| voo_| 

cae me eae | 

[Input High Votage wih | von | ~ | as | — | 

Pepsumpsoupiead m= [awe f = | = : 

| S-State Output Leakage Current tour | a.voo | avoo | — | — | 22 

Foomigonsscuen owe [= foe [= |e | vo 
es 


Input Capacitance 


pF 
Output Capacitance 


*Typical values are for TA = 25°C and nominal VDD. 
eOutputs open circuited; cycle time 1 us. 


8-BIT BIODIRECTIONAL DATA BUS 


‘TPA 


ADDR BUS ADOR BUS ADDR BUS 
MWR _ swe 
RAM 
6II6A 
MRD MRD MRO 


aoe 
CHIP SELECT cs c 
SIGNAL 


Fig. 3 - Typical use of daisy chaining feature of the CDP1835C. 


92CS-33190R3 


“Daisy Chaining” with CEI inputs and CEO outputs is used 080016-OFFF16, for addresses from O000-OFFFi«, the RAM 
to avoid memory conflicts between ROMand RAMinauser would be disabled and one of the ROMs enabled. For 
system. In the above configuration, if ROM No. 1 was locations above OFFFts, the ROM’s would be disabled and 
masked-programmed for memory locations 0000-O07FFie the RAM enabled. 

and ROM No. 2 masked-programmed for memory locations 


Sy 8 tee Be OR oe, 


Read-Only Memories (ROMs) 


Signal Descriptions 


MAO-MA7: 16-bit multiplexed address inputs. The high- 
byte address bits are strobed into the on-chip address lath 
with the trailing edge of TPA. High-byte bits A11, A12, A13, 
A14 and A15 are polarity mask-programmable for use as 
chip enable inputs for memory expansion. 


MRD: Memory read input. Controls the output buffers and 
Chip Enable Output (CEO), and powers down the ROM. 
MRD must be valid on or before the trailing edge of TPA. 
When MRDis not valid, the output buffers are tri-stated. The 
active polarity of MRD is mask-programmable. 


CS1, CS2: Mask-programmable chip-select inputs. The 
chip-select inputs control the data output buffers only (not 
CEO). The output buffers will be tri-stated when either CS1 
or CS2 is not valid. 
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TPA: The trailing edge of TPA is used to latch the high- 
byte of the 16-bit multiplexed address. The ROM is enabled 
after the trailing edge of TPA (MRD active). The active 
polarity of TPA is mask-programmable. 


CEI, CEO: The Chip Enable Input (CEl), in conjunction. 
with the Chip Enable Output (CEO) can be used ina “Daisy 
Chain” configuration to avoid memory conflicts between 
ROM and RAM. CEO is high when the ROM is enabled (i.e., 
MRD is low, TPA toggled) or CE! is active. The active 
polarity of CE! is mask-programmable. 


BUSO-BUS7: 8-Bit Tri-State data bus. 
VDD, VSS: Power supply connections 


DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Vbb = 5V + 5% 
Input tr, t} = 10 ns, CL = 100 pF, and 1 TTL Load 


CHARACTERISTIC 


Chip Select to Output Active 


Address Setup Time 


Chip Enable Output Delay from TPA 
Output Delay from TPA 
TPA Pulse Width 


Chip Select to Output Valid 


Chip Deselect to Output High Z 


Access Time from Address Change tavav | | 500 


Address Hold Time h e0r 4 
MRD Setup Time * trsu Lar. 4 


Chip Enable In to Chip Enable Out Delay tCEIO a 


“MRD to CEO Low tRXCL _a 
MRD to Output High Z tRXQZ —e 


LIMITS 
CDP1835C 
UNITS 


ivox_| 0 


p | - 
raw | 125 


ns 


"MRD must be valid on or before the trailing edge of TPA. (Output will be tri-stated and the ROM powered down when 


MRD is not valid.) 
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HIGH ORDER LOW ORDER 
Tas tavev 
t 
TPA t paw 
t RsU TRXCL 


cs (2) if 
OUTPUT i 
aus HIGH IMPEDANCE RCriVE 
LOW 
tca 
(3) 
CEO 
tcero 
CEL 


92CM- 37229 
Fig. 4 - Timing diagram. 


Notes: 

(1) MRD must be valid on or before the trailing edge of 
TPA. (Output will be tri-stated and the ROM powered 
down when MRD is not valid. 

(2) CS (CS1 and CS2) controls the output buffers only. 
Output will be tri-stated when either CS1 or CS2is not 
valid. 

(3) CEO is high when ROM is enabled. 

(4) Provided tayqy |s satisfied. 
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| ROM Ordering Information 


All RCA mask-programmable ROM’s are custom ordered For detailed instructions refer to the ROM Information 
devices. ROM program patterns can be submitted ta RCA Sheet for the CDP1835C and publication RPP-610A “CMOS 
by using a master device (ROM, PROM, or EPROM), a ROM” Brochure. (Note: Polarity options, columns 41 and 
floppy diskette generated on an RCA Development System, 42, Part B on the CDP1835C ROM Information Sheet must 
or computer punch cards. be blank). 


ROM Information Sheet 


How is ROM pattern being submitted to RCA? 

check one Computer Cards O (Complete parts A, B, and C) 
Floppy Diskette O (Complete parts A, B, C, and E) 
Master Device (PROM) CO (Complete parts A, B, C, and D) 


Customer Name (start at left) 


: fected aM she deehe aioe Ie tle ea sleet ped 
owe) sche Hes Nahe Me VE Mecl. Mi cod ct the ult fe ated Address or Division 


| | | | | | RCA Custom Number (Obtained from RCA Sales Office) 


ty Stes pe Sh celles ROM Type (without CDP prefix), e.g. 1835C 


Circle one letter (P, N, or X) in each column. 
(A single letter indicates no choice) 
P = active when logic 1, N = active when logic 0, X = don’t care 


Pin 
Functions | cst | cs2/WRG| — | cei| rea | ais | ars | ata | arz | att | A10 | Ao 


CDP1835C 
Polarity Options PNX | PNX PNX | PNX }| PNX } PNX | PNX 


ESCICIENESCICIEACIEICICICS 


Starting address of ROM pattern in Hex. 


Rae 


PART B 


If a diskette is submitted, check type of 


RCA Development System used. 
O MS2000 


CO CDP18S005 O CDP18S007 


aye O CDP18S008 
Seeciiy Hacks ae Specify: File Name: 


if a master device is submitted, 
state type or ROMe/PROM: 


Starting and last address 


of data block in the 


Master Device (in Hex) Software program used: Software program used: 
(check one) (check one) 
re aa BeBe O ROM SAVE O MEM SAVE 


O SAVE PROM O SAVE PROM 


elf the Master device is a ROM, state the active polarity of all chip select/enable inputs. 
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4096-Word x 8-Bit Static 
Read-Only Memory 


Features: 


w Interfaces with CDP1800-series microprocessors 
(fciock < 5 MHz) without additional components 

s On-chip address latch 

TOP VIEW = On-chip address decoder provides programmable location within 64K 
memory space 

= Three-state outputs 


| 
2 
3 
4 
5 
6 
7 
8 
9 
(6) 
I 
i2 


S2CS- 28889R2 


TERMINAL ASSIGNMENT 


The RCA-CDP1837C is a 32768-bit mask-programmable 
CMOS read-only memory, organized as 4096 words x 8 bits 
and is completely static: no clocks required. It will directly 
interface with CDP1800-series microprocessors, having 
clock frequencies up to 5 MHz, without additional 
components. 


The CDP1837C responds to a 16-bit address multiplexed on 
8 address lines. Address latches are provided on chip for 
storing the high byte address data. By mask option, this 
ROM can be programmed to operate in any 4096-word 
block of 64-K memory space. The polarity of the high 
address strobe (TPA), MRD, CEI, CS1, and CS2 are user 
mask-programmable. 


AODOR BUS 


“CDPI837C . 


2 AF 


ADDR BUS 


7 
Sp Of OF 
Yi ape -— ee 
y, 
A 


8-BIT BIDIRECTIONAL DATA BUS 


(See Data Programming Instructions’in this data 
sheet). 


The Chip-Enable output signal (CEO) is “high” when the 
device is selected. Terminals CEO and CEI can be connected 
in a daisy chain to control selection of RAM memory ina 
microprocessor system without additional components. 


The CDP1837C has a recommended operating voltage 
range of 4 to 6.5 volts. 


The CDP1837C is supplied in 24-lead heremetic dual-in- 
line side-brazed ceramic packages (D suffix) and 24-lead 
dual-in-line plastic packages (E suffix). 


CPU 
CDPI800 
SERIES 


92CM-35120 


Fig. 1 - Typical CDP1800 Series microprocessor system. 
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CDP1837C 
MAXIMUM RATING, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpo): 

(All voltages:reterenced: to: VSS terminal): scsasieusa te ate ty wae bee TGS 10 0e Dek wee eT AR SRE EAd CRIN OLR EIS TGA a seed aeons -0.5 to +7 V 
INPUT VOLTAGE RANGE; ALL- INPUTS i508 wend o65.4 ae tba nw nba d ened oe be cere ees Ewa sae ed gee esa awk geh Ag -0.5 to Vop +0.5 V 
BC:INPUT GURRENT:- ANY ONEINPUD 4.cccta va 5@ been ardtins be 54 455 ee Ane ws Gate MES WAG BE OSS oes Sere BAR Seabee ee +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For LA ==4010.460°C (PACKAGE TYPE EB) eye itn sci ee ead Satin ye dats wares a bein aned ada Pte Swe EWS a aba Sina Gidea eres 500 mW 

For LA = +6010 765°C (PACKAGE TYPE EB) xa easacuve eieea so ests SA hes Uv Saw OR bad ener edebn Derate Linearly at 12 mW/°C to 200 mW 

FOr TA S255 tO 100°C (PACKAGE. LYRE DViwuvas ou sau oes een bat ea bat te bnd daw eat aU ee oh OA EST ew de Rom atone aeee 500 mW 

ForsrTa= +100 to-+125°C: (PACKAGE TYPE D) vec oxeiasdawbad ocrtbeddueageoos es bebe sae es Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA. =. FULL PACKAGE-TEMPERATURE RANGE Je shin ci Wale CS eee ee Oh Bae we See BAER oie Bis PGS te eS Weed 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE. TYPED cnc sane eucuds wattain- gist KPa Bae eS bse Ede BDU wk wba Mine ewe Sal rdueed Da eee batons aes raaeaent ates -55 to +125°C 

PACKAGE TYPEIE A. vicene me Gagan cone eaten a eauectdwnw ehle nwraealanih aaa ed a wee a ate we ew eas Sia ne Rae Re RES Ae ee Ue Be SNS -40 to +85°C 
SLORAGE:- TEMPERATURE RANGE (Tsto): co kav to su cues ce rene eaes sear tens bua anereuadae ks baa wud Cabeation aac -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from Case for 10S MAX. 2... cece eee eee ee ee ee eect eee tees eeneeenes +265°C 


OPERATING CONDITIONS at Ta = FULL PACKAGE-TEMPERATURE RANGE 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


LIMITS 


CHARACTERISTIC CDP1837C 


Supply-Voltage Range eae 


Recommended Input Voltage Range 


ADDRESS 

MAT 1 LATCH BUS 7 
CONTROL OUTPUT 

MAG 2 CIRCUIT BUFFERS BUS 6 

MA5 3 __AND BUS 5 
DECODER 

MAG 4 SELECT BUS 4 

MA3 5 BUS 3 

MA2 6 BUS 2 

MAI 7 BUS 1 

MAO 8 BUS O 

TPA 

MRD 


OUTPUT 
CONTROL 


24 

OS Vpn csi 
12 

O-————Vss cs2 


18 
eee we ae. CEO 


92CM-37228 


Fig. 2 - Functional block diagram. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vop = 5 V + 5%, except as noted 


CONDITIONS LIMITS 


CDP1837C 
Vo VIN 


foveo | —- | s | so | 
Output Low Drive (Sink) Current | 04 | ovo | os | 16 — 
Output High Drive (Source) Current IOH /vov-04| 0,voo | -o8 | -16 — 
| Output Votagetow-tevel von] =| von | = | 
| Output Voltage High-Level Von |= | 0, von | oo -0.1 | Vos 
| inputtowvoltage | Vo 05 | = 

Input High Voltage VIH /voo-05| — | 


Input Current 
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CHARACTERISTIC 


Quiescent Device Current 


0, VDD 0, VDD 


*Typical values are for TA = 25°C and nominal VDD. 
eOutputs open circuited; cycle time 1 ys. 


8-BiT BIDIRECTIONAL DATA BUS 


Lo TPA 
ADDR BUS ) _—__—_| ADOR BUS ADDR BUS 
MWR 
ROM RAM 
No. | 
CDP1837C 
MRO MRO MRD 
ae 
CEO és 
CHIP SELECT cs c 
SIGNAL 
92CS-35/22R! 


Fig. 3 - Daisy chaining CDP1837C's. 


“Daisy Chaining” with CEI inputs and CEO outputs is used 100016-1FFFi6, for addresses from 0000-1FFFi6, the RAM 
to avoid memory conflicts between ROMand RAMinauser would be disabled and one of the ROMs enabled. For 
system. In the above configuration, if ROM No. 1 was locations above 1FFFie, the ROM’s would be disabled and 
masked-programmed for memory locations O000-OFFF16 the RAM enabled. 

and ROM No. 2 masked-programmed for memory locations 


wal 
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Signal Descriptions 


MAO-MA7: 16-bit multiplexed address inputs. The high- 
byte address are strobed into the on-chip address latch with 
the trailing edge of TPA. High-byte bits A12, A13, A14 and 
A15 are polarity mask-programmable for use as chip enable 
inputs for memory expansion. 


MRD: Memory read input. Controls the output buffers and 


Chip Enable Output (CEO), and powers down the ROM. 
MRD must be valid on or before the trailing edge of TPA. 


‘When MRDis not valid, the output buffers are tri-stated. The 


active polarity of MRD is mask-programmable. 


CS1, CS2: Mask-programmable chip-select inputs. The 
chip-select inputs control the output buffers only (not 
CEO). The output buffers will be tri-stated when either CS1 
or CS2 is not valid. 
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TPA: The trailing edge of TPA is used to latch the high 
byte of the 16-bit multiplexed address. The ROM is enabled 
after the trailing edge of TPA (MRD active). The active 
polarity of TPA is mask-programmable. 


CEI, CEO: The Chip Enable Input (CEI), in conjunction 
with the Chip Enable Output (CEO) can be used ina “Daisy 
Chain” configuration to avoid memory conflicts between 
ROM and RAM. CEO is high when the ROM is enabled (i.e., 


MRD is low, TPA toggled) or CEI is active. The active 


polarity of CEI is mask-programmable. 
BUSO-BUS7: 8-Bit Tri-State data bus. 
VDD, VSS: Power supply connections 


DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Vob = 5V + 5% 
Input tr, t)= 10 ns, C. = 100 pF, and 1 TTL Load 


CHARACTERISTIC 


Access Time from Address Change 


Address Hold Time 


LIMITS 
CDP1837C 


Chip Select to Output Active tSVQX | 9 6 | 200 


Address Setup Time es 


MRD Setup Time * _ 
Chip Enable Output Delay from TPA | 
Output Delay from TPA 

TPA Pulse Width 


Chip Select to Output Valid 


pm | = | 20 | ns 
tow [rae | 


Chip Enable In to Chip Enable Out Delay tCEIO | = | 100 | 


Chip Deselect to Output High Z 


MRD to CEO Low 


tSVQV ae 200 
= 200 


150 
MRD to Output High Z tRXQZ —- 200 ; 


* MRD must be valid on or before the trailing edge of TPA. (Output will be Tri-Stated and the ROM powered down when 


MRD is not valid.) 
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HIGH ORDER LOW ORDER 
MA ADDRESS BYTE ADDRESS BYTE 


tas tTavev 
TAH 


t RSU tRXCL 


cs (2) 
IGH IMPEDANCE Fi 
BUS ah 
tca 
(3) 
CEO 
t cero 
cEL 
92CM- 37229 
Fig. 4 - Timing diagram. 
Notes: 


(1) MRD must be valid on or before the trailing edge of 
TPA. (Output will be tri-stated and the ROM powered 
down when MRD is not valid. 

(2) CS (CS1 and CS2) controls the output buffers only. 
Output will be tri-stated when either CS1 or CS2is not 
valid. 

(3) CEO is high when ROM is enabled. 

(4) Provided t AVQv is satisfied. 
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ORDERING INFORMATION 
RCA Microprocessor device packages are identified by 
letters indicated in the following chart. When ordering a 
Microprocessor device, it is important that the appropriate 
suffix letter be affixed to the type number of the device. 


ROM Ordering Information 


All RCA mask-programmable ROM'’s are custom ordered 
devices. ROM program patterns can be submitted to RCA 
by using a master device (ROM, PROM, or EPROM), floppy 
diskette generated on a RCA Development System, or 
computer punch cards. 


ROM Information Sheet 


How is ROM pattern being submitted to RCA? 


705 
CDP1837C 
Package Suffix Letter 
Dual-in-Line Side Brazed Ceramic D 
Dual-in-Line Plastic E 


For example, a CDP1837C in a dual-in-line plastic package 
will be identified as the CDP1837CE. 


For detailed instructions refer to the ROM Information 
Sheet for the CDP1837C and publication RPP-610A “CMOS 
ROM” Brochure. (Note: Polarity options, columns 40, 41, 
and 42 on the CDP1837C ROM Information Sheet must be 
left blank). 


check one Computer Cards O (Complete parts A, B, and C) 
Floppy Diskette O (Complete parts A, B, C, and E) 
Master Device (PROM) © (Complete parts A, B, C, and D) 


Customer Name (start at left) 


SS Fe Re VF PH a 
35-64 LL] | ti ti tte ee eT tT EL Address or Division 


50-63 || | | | | RcACustom Number 


Pt TT TT} ROM Type (without CDP prefix) 


Starting address of ROM pattern in Hex. 


[TTT 


If a master device is submitted, 
state type or ROMe/PROM: 


Starting and last address 
of data block in the 
Master Device (in Hex). 


Shee ae 


Circle one letter (P, N, or X) in each column. 
(A single letter indicates no choice) 
P = active when logic 1, N = active when logic 0, X = don’t care 


Pin 
rosin |e [on [WRU] — [on ame [aw [we] wa [on [a | A 
CDP1837C 
Polarity Options PNX | PNX 
fens  [# [lee le[™l*l@[*[=le[o[o 


If a diskette is submitted, check type of 


RCA Development System used. 
oO MSs2000 


O CDP18S005 O CDP18S007 

O CDP18S008 
Specify: Track # [I] Specify: File Name: 
Software program used: Software program used: 
(check one) (check one) 
O ROM SAVE O MEM SAVE 
O SAVE PROM 0 SAVE PROM 


‘elf the Master Device is a ROM, state the active polarity of all chip-select/enable functions. 
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oa 


Features 


[a zm 1 XK 


# 3 to 6 volt supply 
mw Access time 


> Mm 
°o 


! 
2 
3 
4 
5 
6 
7 
8 
9 


TOP VIEW 
92CS-35113 


TERMINAL ASSIGNMENT 


The CDP65516 is a complementary MOS mask program- 
mable byte organized read-only memory (ROM). The 
CDP65516 is organized as 2048 bytes of 8 bits, designed for 
use in multiplex bus systems. It is fabricated using silicon 
gate CMOS technology, which offers low-power operation 
from a single 5-volt supply. 


The memory is compatible with CMOS microprocessors 
that share address and data lines. Compatibility is enhanced 
by pins 13, 14, 16, and 17 which give the user the versatility 


AQ0-AQ7 


E 
Ss Control Output Buffers 
E Logic and 
G Sense Amps 
M- Y-Gating 

S Disables 

Output Buffers 
E, E Limit ROM Array x 
Power Dissipation (128 x 128) Decode 


aS 430 ns (5 V) CDP65516-43 
es 550 ns (5 V) CDP65516-55 
s Low power dissipation 
15 mA maximum(active) 
30 uA maximum (standby) 


Address 
Latch 
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Product Preview 


CMOS 2048-Word x 8-Bit Static 
Read-Only Memory 


m Directly compatible with muxed bus 
CMOS microprocessors 

ws Pins 13, 14, 16, and 17 are mask programmable 

= MOTEL mask option also insures direct 
compatibility with many NMOS 
microprocessors 

= Standard 18-pin package 


of selecting the active levels of each. Pin 17 allows the user 
to choose active high, active low or a third option of 
programming which is termed the “MOTEL” mode. If this 
mode is selected by the user, it provides direct compatibility 
with the CDP6805E2 type microprocessor series. In the 
MOTEL operation the ROM can accept either polarity 
signal on the data strobe input as long as the signal toggles 
during the cycle. This unique operational feature makes the 
ROM an extremely versatile part. 


A8, AS, A10 


PIN NAMES 


Cr 


CC 


ee TRE Multiplex Address Strobe 
EE ia at Svaricun Can panna aan cae eine Chip Enable 
PEER Oe Sr CAPE hE TaEN, eee? Chip Select 
Sa tebiestts Data Strobe (Output Enable) 


Precharge 
Circuit 


Fig. 1 - Block diagram. 
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| ABSOLUTE MAXIMUM RATINGS (See Note) 


Symbol 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af- 
fect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED OPERATING CONDITIONS 
Parameter 


Input High Voltage 
Input Low Voltage 


Characteristic 
igh 
Output High Voltage Vou | Vcc-0.4V Vec-04V V 
Source Current —1.6 mA 
Output Low Voltage VOL 0.4 0.4 V 
Sink Current +1.6 mA 
fen [= fe [= Pe [oe 
esl 
i 


CL = 130 pF, Vin=ViH to V 
Supply Current (Operating) ICc1 : ees feo oe 


Supply Current (DC Active) icon | - | Vin= Vcc to GND 
Sandy Cure Miss [= [80 [=] ek [Vina Vee 0 GND 
Input Leakage +10} -10 | +10 
Output Leakage » +10 

CAPACITANCE (f=1 MHz, Ta=25°C, periodically sampled rather than 100% tested.) 
Characteristic | 


=10 
O10 


Input Capacitance 


Output Capacitance 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 
READ CYCLE 
C,_ = 130 pF 


Parameter 


Address Strobe Access Time 


Read Cycle Time tMHMH 


Multiplex Address Strobe High to Multiplex Address Strobe Low (Pulse Width) 
Data Strobe Low to Multiplex Address Strobe Low 
Multiplex Address Strobe Low to Data Strobe High 
Address Valid to Multiplex Address Strobe Low 

Chip Select Low to Multiplex Address Strobe Low 
Multiplex Address Strobe Low to Chip Select High 
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CDP65516 
tMHMH (Read Cycle Time) 
tr=tf=20 ns 
tMHML 
' ViH Voc=2 V 
VIL 08 V 
'GLML 
VIH 'MLGH 


VIL 


a) | 
mm 
Tre 
zc 
ro FT 


VIH 


EandE Deselect Mode 
cee 
V \/ \7 \/ \/ 
z 4 SRKKKEKRRKKKK RRO 
S RL Don't Care SR OSGOQY 
V| L LOOX IALPLPS RORQOX a, ” 
a i ie 
Address 
A8 to A10 


MW SSS DDO 
SECC COCCECEETEETCEESY 
CXKOCOD ; CKOKKOK ORS 
OSH DON t CAE PORK 


MOQ DEPP ODO ODODOY 


TAVML 
V| H TOOOS 


OX KO CPR PRL IOI Add 
ROSEN SRR ress 
DOK oo ee H SEEK ata) 
AQ7 Y 
AQ0 to " 5252 SLRS Valid 


nae > 
VIL 


CERCA Bart Cats SMP IS 
QPP QO PPD LLP PI DDP OOD KEKE 


ESR 


VN EEOECECEETEEEEECEE CON XK SOK x 
DOBRO SRR RS DONT Care SRO ROR 


OD 
905 RRR RK PLILLLD SRP RR RQQY See 


Don't Data High Z — VOH 
? Sire J fas) = Vb 


'MLDV 


Fig. 2 - Read cycle timing waveforms. 


Functional Description 


The 2K x8 bit CMOS ROM (CDP65516) shares address and 
data lines and, therefore, is compatible with the majority of 
CMOS microprocessors in the industry. The package size is 
reduced from 24 pins for standard NMOS ROMs to 18 pins 
because of the multiplexed bus approach. The savings in 
package size and external bus lines adds up to tighter board 
packing density which is handy for battery-powered hand- 
carried CMOS Systems. This ROM is designed with the 
intention of having very low active as well as standby 
currents. The active power dissipation of 75 MW (at Vcc=5 V, 
freq.=1 MHz) and standby power of 150 pW (at Vcc=5 V) add 
up to low power for battery operation. The typical access 
time of the ROM is 280 ns making it acceptable for operation 
with today’s existing CMOS microprocessors. 


An example of this operation is shown in Fig. 3. Shownisa 
typical connection with the CDP6805E2 CMOS micro- 
processor. The main difference between this system and 
competitive process is that the data strobe (DS) on the 
CDP6805E2 and the read bar (RD) on the competitive 
process both control the output of data from the ROM but 
are of opposite polarity. The 2K x 8 ROM can accept either 
polarity signal on the data strobe input as long as the signal 
toggles during the cycle. This is termed the MOTEL mode of 
operation. This unique operational feature makes the ROM 
anextremely versatile part. Further operational features are 
explained in the following section. 


Operational Features 


In order to operate in a multiplexed bus system the ROM 
latches, for one cycle, the address and chip-select input 
information on the trailing edge of address strobe (M) so the 
address signals can be taken off the bus. 


Since they are latched, the address and chip-select signals 
have a setup and hold time referenced to the negative edge 
of address strobe. Address strobe has a minimum pulse 


width requirement since the circuit is internally precharged 
during this time and is set up for the next cycle on the 
trailing edge of address strobe. Access time is measured 
from the negative edge of address strobe. 


The part is equipped with a data strobe input (G) which 
controls the output of data onto the bus lines after the 
addresses are off the bus. The data strobe has three 
potential modes of operation which are programmable with 
the ROM array. The first mode is termed the MOTEL mode 
of operation. In this mode, the circuit can work with either 
the 6805 or 8085 type microprocessor series. The difference 
between the two series for a ROM peripheral is only the 
polarity of the data-strobe signal. Therefore, in the MOTEL 
mode the ROM recognizes the state of the data-strobe 
signal at the trailing edge of address strobe (requires a 
setup and hold time), latches the state into the circuit after 
address strobe, and turns on the data outputs when an 
opposite polarity signal appears on the data-strobe input. In 
this manner the data-strobe input can work with either 
polarity signal but that signal must toggle during acycle to 
output data on the bus lines. If the data strobe remains ata 
dc level the outputs will remain off. The data-strobe input 
has two other programmable modes of operation and those 
are the standard static select modes (high or low) where a 
dc input not synchronous with the address strobe will turn 
the output on or off. 


The chip-enable and chip-select inputs are all programmabie 
with the ROM array to either a high or low select. The chip 
select acts as an additional address and is latched on the 
address-strobe trailing edge. On deselect the chip select 
merely turns off the output drivers acting as an output 
disable. It does nct power down the chip. The chip-enable 
inputs, however, do put the chip in a power down standby 
mode but they are not latched with address strobe and must 
be maintained in a dc state for a full cycle. 
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VDD 
OSC1 


Microprocessor 
CDP6805E2 


Vcc 


2K x 8 ROM 
CDP65516 


AQ0-AQ7 


Addr/Data Mux Bus 


High Order Address Bus (5) 


A8-A10 


VSS 


Bus Control Signals (3) 


Fig. 3 - Typical minimum system. 


Introduction and display time, using an optional CDP6818 Real-Time 
CBUGO5 is a debug monitor program written for the Clock (RTC), and routines to punch and load an optional 
CDP6805E2 Microprocessor Unit and contained in the cassette interface. Fig. 2 shows a minimum system which 
CDP65516 2K x 8 CMOS ROM. CBUGO05 allows for rapid only requires the MPU, ROM, keypad inputs and display 
development and evaluation of hardware and 6805 Family output interfaces. Port A of the CDP6805E2 MPU is required 
type software, using memory and register examine/change for the I/O; however, Port B and all other CDP6805E2 MPU 
commands as well as breakpoint and single instruction features remain available to the user. A possible expanded 
trace commands. CBUG0O5 also includes software to set system is shown in Fig. 3. 


CDP6805E2 CDP65516 


6x4 
KEYPAD 


COP1873 
3 Ql 6 


A,B,C To ROWS 
e COLUMNS 


92CM- 35118 


Fig. 4- Minimum CBUGO5 system. 
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FOR USER CASSETTE 
READ FROM CASSETTE 
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“A INTERFACE RECORDER 
TIM ba FOR USER 
RESET 
FROM USER HARDWARE 
A8-Al2, AS,DS,R/W 
epuente 
CDP6818 
CDP65516 REAL-TIME ADDRESS ADDITIONAL. CO IPUERALS 
ROM CLOCK DECODE MEMORY 
CDP6805E2 
MPU 
BO-B7 
6x4 
CDPI873 KEYPAD 
PA4-PAG6 3708 
DECODER ROMs 
COLUMNS 
PAO - PA3 
PAG DATA BPI-BP4 
am > phi sees 
LCD WRITE RECORDER 
PA7 


92CL-35117 


Fig. 5 - Expanded CBUGO5 system. 
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DATA PROGRAMMING INSTRUCTIONS 


When a customer submits instructions for programming 
RCA custom ROMs, the customer must also complete the 
relevant parts of the ROM information sheet and submit this 
sheet together with the programming instructions. Programming 
instructions may be submitted in any one of three ways, as 
follows: 
1. Computer-Card Deck—use standard 80-column com- 
puter punch cards. 
2. Floppy Diskette—diskette information must be gen- 
erated on an RCA CDP1800-series microprocessor 
development system. 


3. Master Device — a ROM, PROM, or EPROM that 
contains the required programming information. 


The requirements for each method are explained in detail in 


the following paragraphs: 
COMPUTER-CARD METHOD 


Use standard 80-column computer cards. Each card deck 
must contain, in order, a title card, an option card, a data- 
format card, and data cards. Punch the cards as specified in 
the following charts: 


TITLE CARD 


Punch T 

leave blank 
Customer Name (start at 6) 
leave blank 
Customer Address or Division (start at 35) 
leave blank 
RCA custom selection number (5 digits) (Obtained from RCA Sales Office) 


leave blank 


RCA device type, without CDP6 prefix, e.g., 5516 
Punch an opening parenthesis ( 


Punch 8 


Punch a closing parenthesis ) 


leave blank 


Punch a 2-digit decimal number to indicate the deck number; 
the first deck should be numbered 01 
OPTION CARD 


Use the ROM Information Sheet to select the polarity options, P, N, or X, for the desired ROM type. 


Column No. Data 
Punch the word OPTION 


leave blank 


RCA device type, including CDP6 prefix, e.g., CDP65516 


leave blank 


Punch P or N per ROM Information Sheet 


leave blank 


Punch the deck number (the 2-digit number in 
columns 79-80 of the title card) 
DATA-FORMAT CARD 


leave blank 
Punch the letters HEX 
leave blank 
Punch POS 
leave blank 


Punch the deck number (the 2-digit number in 
columns 79-80 of the title card) 


The data-format card specifies the form in which the data is to be entered into ROM. 
[comm no. | ate 


Punch the words DATA FORMAT 
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DATA PROGRAMMING INSTRUCTIONS (Cont'd) 


| DATA CARDS 
The data cards contain the hexadecimal data to be programmed into the ROM device. 


Each card must contain the starting address plus sixteen words of data in clusters of four Hex Bytes. 


2 hex digits of 9th WORD 
2 hex digits of 10th WORD 
Blank 

2 hex digits of 11th WORD 


Punch the starting address 
in hexadecimal for the 
following data.” 

Blank 


6-7 2 hex digits of 1st WORD 2 hex digits of 12th WORD 
8-9 2 hex digits of 2nd WORD Blank 

10 Blank 2 hex digits of 13th WORD 
11-12 2 hex digits of 3rd WORD 2 hex digits of 14th WORD 
13-14 2 hex digits of 4th WORD Blank 

16 Blank 2 hex digits of 15th WORD 
16-17 2 hex digits of 5th WORD 2 hex digits of 16th WORD 
18-19 2 hex digits of 6th WORD Semicolon, biank if last card 
20 Blank 

21-22 2 hex digits of 7th WORD Blank 


2 hex digits of 8th WORD 
Blank 


Punch 2 decimal digits 
as in title card 


*The address block must be contiguous starting at an even-numbered address. 
Column 4 must be zero. 


OPTION DATA CARD 


123465676 910111213 14 15 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 5051 52 53 54 55 56 57 58 50 60 61 6263 64 65 66 67 68 69 70 71 72 7374 75 7677 76 79 60 


rT Welclal Nel lalleclel | TT TTT TT TTT TT TTT yetclay fsis]of Tsimvyel TTT TT TT TT TT elelelelel telettel | t iclri) | tel 
oletello Ieloletels ister TT TT eletwix PE 
lalelal Neloleta rt Wwlelxt Wlolst TTT TTT TT TT NN 
vlalalal Viel] lalatal2] [s]a[a[s] [allalel [ots]sis] felelele] (7i7i7i7| lalalaliii 
plaiol laialale| Walalalal lalelelal [elciele] pplojolol Jelelele] Ilei-iF| (olololols | TT TTT TT TTT TT | optainFrom {| tT ols 
See ee Mele c cs Ieee Tee UCT es Neh Veil TSE Tee Lae DUST Tle] alse aera Ld eels Tay 
olaelal lolvizis| lalslelz| [elatalel [clolele] [ol[alsl lelstel7| [elalalal [eloleleT TTT TTT TTT TT TT TT fol 
RASRLEU ERE RAAT A DRE ARERRE LE RARER eee a SaaG 41 LY 

PU DECK NUMBER 
BREE Ee s DIS iI ICS ia E Diehl a a eS leh isi i on 

SC TAROT eae TST AIS TSE PM aad oe AT Te I Ue ASI TUSSI eT ear ie eat eae Ve Ae Ne (el Se Wd 
SCE bah Ue bed ae ae ICTS etl each Te OMA LC ST a as fee ale Teo ct val sie shi 
PARDEE REE EERE ERE OR AARNE Ree R aT aA RRA REAR RATER eRe 
BORTMEES MRR ERA BERRA SARA ROE NRA AA REAR Ae eee RARER 
HERE RR RHE Ra AER RAG LA CALS N ARRAN ERE AEE ROR RS AAR RR ee RARE RRR eee 
SOOT iar eet i tae ei aI One Gil ae alate ae ae at Rel ve ee TE LL eT gee te i 
NN en Ene OBER EES EERRRRSSEEERAEEEEESEDE RRR RRR ae eae RRR RE 
See eI ele itaiafe rel Tee eRe ( ta Robe to idee er oUec oles ST eel DeNe ea DCTS NA TCL VOtstoe | eter esl 
pepe pte lp et 


1234567 8 9101112131415 161718 19 2021 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73:74 75 76 77 78 79 80 
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ROM INFORMATION SHEET 


OPTION LIST 


Mat 


Select the options for your ROM from the following list. A manufacturing mask will be generated from this 
information. Select one in each section.. 


PROGRAMMABLE PIN OPTIONS 


Pin Number = 

13 (E) 14 (8) 16 (E) 17 (G) 
: Active High (1 or P) O 0 0 O 
Active Low (1 or P) 0 0 0 O 
MOTEL (X) = = = oO 
| 28 29 30 31 


Column Number 
( On Option Card) 


CUSTOMER INFORMATION 
Customer Name 
Address 
a Ae es ZI 
Phone ( LESION 
Contact Ms./Mr. 
Customer Part No. 


PATTERN MEDIA 


[O EPROM 

C) Card Deck 

[) Other’ 

*Other media require factory approval. 
Signature 


Title 
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CDP18S693 and CDP18S694 


Microboard Computer Development Systems (MCDS) 


RCA’s Low-Cost Microboard Computer Develop- 
ment System (MCDS) CDP18S693 Combines: 
CMOS Microprocessor Architecture CDP1802A 
CMOS Microboard Computer Module 
CDP18S601 

CMOS Microboard Memory and Tape I/O 
Module CDP18S652 

ROM.-Based Basic 3 Interpreter with Full 
Floating-Point Arithmetic 

ROM-Based Monitor Program UT62 

Cassette I/O Unit for Mass Memory Storage 
RS232C or 20-mA Terminal Interface with Baud 
Rates to 1200 | 

Five-Card Chassis and Case 

Five-Volt Power Supply 


Add a data terminal and you have a CMOS 
Microcomputer Development System at a surpris- 
ing, unbelievably low cost. 


NO OOO QO a a0 


With the CDP18S693 Microboard Computer Devel- 
opment System YOU can: 

Develop CDP1802 and/or Microboard software 
Program with floating-point Basic 3 

Use the system as a dedicated controller 
Expand system with any of the extensive 
Microboard family 

Expand system to use ROM-based Assembler/ 
Editor 

Expand memory to full 65 kilobytes 

Extend I/O capabilities with analog and/or 
digital I/O Microboards 


oo Oo O000 


RCA’s Higher-Performance Microboard Computer 
Development System (MCDS) CDP18S694 
Combines: 

CMOS Microprocessor Architecture CDP1802A 
CMOS Microboard Computer Module 
CDP18S601 

CMOS Microboard Memory and Tape I/O 
Module CDP18S652 

ROM-Based Assembler/ Editor Program 
ROM-Based Basic 3 Interpreter with Full 
Floating-Point Arithmetic 

ROM-Based Monitor Program UT62 

Two Cassette I/O Units for Mass Memory 
Storage 

RS232C or 20-mA Terminal Interface with Baud 
Rates to 1200 

Five-Card Chassis and Case 

Five-Volt Power Supply 

PROM Programmer Module and Software 
CDP 18S680 


Add a data terminal and you have an even 
higher-performance CMOS Microcomputer Devel- 
opment System at a surprising low cost. 


OOO OF OO OO QO O00 


With the CDP18S694 Microboard Computer Devel- 

opment System YOU can: 

Develop CDP1802 and/or Microboard software 

Program with floating-point Basic 3 or assembly 

language | 

O Use the ROM-Based Assembler/ Editor to de- 

velop software 

O Create ASCII files on cassette tape (EDITOR) 

O Convert Level I source code on tape into 
executable machine language on another tape 
(ASSEMBLER) 

O Program RCA and other industry-standard 
UV-erasable PROM’s 

O Use the system as a dedicated controller with 
optional run-time Basic 3 (ROM) 

C) Expand the system with any of the extensive 
Microboard family 


Oo 
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CDP18S693 Microboard Computer Development System Configuration 


MONITOR 
a 
REMOTE 


MIC 


q qQ <A 
FS ges GS 


\ 


MICROBOARD 


er Development System 


CONNECTS 
AT J1 (TTY) 
OR 
J2 (EIA) 
OF 


CARD NEST CDP18S601 


ee | | | | | | 
T JDO OOOO 
LC JDIDJDIDUIDOUDOOL I 
HOUOUOOOUUEL 


USER’S DATA TERMINAL 
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The COSMAC Microboard Computer Development 
Systems (MCDS) CDP18S693 and CDP18S694 are 
economical and versatile systems for the development of 
the hardware and software for applications based on the 
RCA 1800 series of CMOS microprocessor products. 
With the optional run-time Basic 3 available on ROM, 
and with the addition if needed of any of the many 
available expansion Microboards, the MCDS may be 
used very effectively for control, testing, or other 
dedicated microcomputer applications. 

The CDP18S693 includes a five-card chassis with case, 
a 5-volt power supply, a CDP18S60! Microboard 
Computer, a CDP18S652 Microboard Combination 
Memory and Tape I/O Control Module augmented with 
a ROM-based monitor program and a ROM-based 
extended Basic 3 interpreter, an audio cassette tape 
system for mass memory storage, and the cables needed 
for connecting a data terminal and for connecting the 
cassette drive system to the CDP18S6S2. 

The CDP18S694 has all the features of the CDP18S693 
plus the following. In an additional three-ROM set on the 
CDP18S652, a Level I text Editor and Assembler enables 
the user to create CDP1802 machine language programs 
in Level | mnemonics. A PROM Programmer Module is 
also provided along with a control program on cassette 
tape that enables the user to program a wide variety of 
EPROM'’s. A second audio cassette drive unit is included 
to support the Editor and Assembler operations. 


Versions for both domestic and overseas operation are 
available. Models CDP18S693V1 and CDP18S694V1 
operate on 110-120 volts ac, 60 Hz; models 
CDP 18S693V3 and CDP18S694V3 operate on 220-240 
volts ac, 50 Hz. 


Hardware Features 


A five-card chassis and case houses the Microboards 
provided with the MCDS. The CDP18S693 includes the 
CDP18S60! Microboard Computer and the CDP18S652 
Combination Memory and Tape I/O Control Module. 
The CDP18S694 includes the CDP18S601, CDP18S652, 
and a PROM programmer module. The chassis and case 
assembly has openings at the bottom and end to permit 
easy access to the cabling terminal connections. 
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The power supply for the card nest is wired through a 
disconnect plug to the universal backplane. Power 
Converter Type CDP18S023V1 is for 110-volt operation 
and Type CDP18S023V3 is for 220-volt operation. The 
dc output is 5 volts at 600 milliamperes. 


The cassette recorder unit is connected to the 
CDP18S652 controller board by means of a 3-wire 
interface cable. The unit uses economical audio-type 
cassette tape. The controls on the cassette recorder 
include a tone control, a volume control, and play, 
record, rewind, fast forward, stop, and eject buttons. 
The unit also has a tape counter. The recorder drive 
mechanism is controlled through the “remote” jack by 
the software to provide system control of the tapes. A 
60-minute tape can store over 115,000 ASCII bytes per 
side. 


Two cables are provided for connecting the user- 
supplied data terminal. The CDP18S516 cable is for 
terminals using the EIA RS232C interface and the 
CDP18SSI1S5 is for terminals using a current loop 
interface. Either cable can be connected to the 
CDP18S601 Microboard Computer. No handshaking 
lines are required for operation. When an EIA RS232C 
data terminal is used, its 5-volt supply is available at the 
backplane, but the user must provide the additional —5 to 
-15 and +12 to +15 volts required. 

The CDP18S694 includes all the items provided with 
the CDP18S693 plus a second cassette recorder unit for 
additional mass memory storage, a ROM-based Editor/ 
Assembler, and a PROM Programmer module with 
cassette-tape software. The Editor/ Assembler ERPOM’s 
(3) are on the CDP18S652 Combination Memory and 
Tape I/O Control Module. 


Development Systems 


Software Features 


The Microboard Computer Development Systems have 
a number of programs to aid the user in both hardware 
and software development. These programs include a full 
Basic 3 Interpreter with floating-point arithmetic, a 
resident ROM-based Monitor program, a ROM-based 
Editor, a ROM-based Assembler, a cassette-tape-based 
PROM programmer software program, and a ROM- 
based Basic 3 run-time version for custom applications 
(CDP18S842), 

The full Basic 3 Interpreter and the Monitor are 
supplied with both the CDP18S693 and the CDP18S694. 
The Assembler, Editor, and PROM programmer software 
are supplied with the CDP18S694 but are also available 
as options for use with the CDP18S693. The run-time 
Basic 3 is an option for both systems. 

Basic 3 is a 12-kilobyte high-level language that can be 
easily learned and readily used by the beginning 
programmer. Features of the Basic 3 Interpreter include 
full floating-point arithmetic, line editing capabilty, 
“trace” debugging for program creation, “cold or warm” 
start capability, tape control, up to 6682 multiple- 
character variables, 26 string variables or string arrays, 
and 26 one- or two-dimensional arrays. Because Basic 3 
provides the CDP1802 microprocessor I/O constructs, it 
allows the user to develop his entire program in Basic. 
However, Basic 3 also allows calls to user machine- 
language subroutines if desired. A separate manual 
(MPM-841) describes the Basic 3 language and how to 
use the interpreter. 


*B 


MCDS BASIC-REL C6.1 


C/w? 
WREADY 
>LIST 


10 M=0 

20 FOR !=1 TO 5 
30 A(l)=RND(9)+1 
40 M=M+A(I) 

50 NEXT 


READY 
> 


The ROM-based Monitor program UT62 (2 kilobytes) 
allows the user to (1) inspect and modify memory, (2) to 
store and retrieve data on tape, (3) start execution of the 
Basic 3 Interpreter, the Editor, the Assembler, or a 
user-generated program at any address, and (4) debug 
programs. The twelve UT62 Monitor commands are 
Memory Move, Memory Fill, Memory Substitute, 
Memory Display, Memory Insert, Program Run, Read 
Tape, Write Tape, Rewind Tape, Run Basic, Run Editor, 
and Run Assembler. The Monitor program also includes 
Read and Type routines for communication between the 
MCDS and the data terminal and for I/O data transfers. 
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The resident ROM-based Editor program is supplied 
with the CDP18S694 and is an option for the 
CDP18S693. It allows the user to create ASCII files on 
cassette tape. These files can be Level | CPD1802 
language, Basic 3 instructions with line numbers, or 
simply text. The Editor output file becomes the input file 
for the Assembler. The Editor commands include: Move 
pointer to beginning of buffer, Move pointer to end of 
buffer, Move pointer by n characters, Move pointer by n 
lines, Define input tape, Append lines, Insert text, Delete 
n characters, Delete n lines, Save n lines, Get saved text, 
Find text, Substitute text, Define output tape, Type n 
lines, Write n lines to output tape, Write entire buffer to 
output tape, Print n lines, Return to UT62, and Quit 
session and restart Editor. 


*A 

MCDS ASSEMBLER VER.0.0 
READ?0 

WRITE?1 

PRESS PLAY ON READ TAPE 
TYPE ANY KEY 

H,L,U,J?H 

OOAA QTY 

0001 R1 

0008 R8 

0124 SHORT 

2000 LONG 

4000 DATA 

A000; 


The resident ROM-based Assembler program is also 
supplied with the CDP18S694 and is an option for the 
CDP18S693. It allows the user to convert a Level | 
source file on tape (source code) into an executable 
machine language program on another tape (object code). 
The object code can then be loaded into memory by the 
UT62 Monitor program for execution, or it can be placed 
in an EPROM by the PROM programmer. The 
Assembler permits the user to write programs using 
convenient mnemonic expressions rather than machine 
language. It is a two-pass assembler with COSMAC Level 
I syntax. The Assembler also provides error messages to 
assist in debugging. 


The PROM programmer software is supplied with the 
CDP18S694 and is included with the PROM programmer 
module in the CDP18S680 as an option for the 
CDP18S693. It enables the rapid programming of the 
RCA 18U42, the Intel 2704, 2708, 2758, and 2716 
UV-erasable PROM’s or any other equivalent PROM’s. 
In addition, Intel 1702-type PROM’s can be read (but not 
programmed) so that they can be copied into lower-power 
CDP18U42 CMOS PROM'’s or combined into other 
larger-sized PROM’s. Operations can be with either 
positive or negative data. The operating software object 
code for the PROM programmer is provided on a 
tape. Operations available include (1) programming a 
PROM from a RAM btffer or file, automatically 
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followed by a verification; (2) verifying a PROM against 
a RAM buffer or file; (3) copying a PROM into a RAM 
buffer, automatically followed by a verification; (4) filling 
a RAM buffer with all 1's or 0’s used in verifying PROM 
erasure; and, (5) saving a RAM buffer onto a tape. The 
software is designed for flexibility so that, in addition to 
the basic operations provided, more sophisticated 
procedures can be derived. 


Optional Software 


The Basic 3 Run-time version CDP18S842 allows the 
user to execute his program in any CDP1802-based 
system. This version starts program execution automati- 
cally after reset. Thus, the user may develop his program 
using the Basic 3 development version supplied with the 
MCDS and then for his final turnkey operation, use the 
Basic 3 Run-time version. To use Run-time Basic an 
additional Microboard such as the CDP18S626 32/64- 
kilobyte ROM/PROM/ RAM is required. (Part number 
CDP18S842) 


Accessory and Expansion Options 


Microboard Expansion Modules. The user can add any 
of the many CPD18S600-series Microboards to provide 
I/O expansion or expanded peripheral interfacing. 
Microboards have a wide temperature range; normal 
operation is at —40 to +85°C with exceptions. (Booklet: 
COSMAC Microboard Computer Systems CMB-250) 


Beta Test Subsystem 


CDP18S644 
Analog-Digital 
CDP18S659 
Breadboard 
Test 
Device 


Programmed in PLM 1800 


Universal Bus 
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Printer Option 


With the CDP18S646 Microboard printer interface, the 
user can add a parallel Centronics-type printer and obtain 
hard copy output from cassette tape using the Editor P 
command. With a serial printer used in combination with 
a video terminal and connected to one of the CDP18S601 
serial output ports, the user can obtain a hard copy 
output through the T command. 


Components Available Separately 
for Replacement or Upgrading 


CDP18S601 Microboard Computer 

CDP18S652 Combination Memory and Tape 1/O 
Control 

CDP18S680 PROM Programmer Module and 
Software 

CDP18S810 Audio Cassette Recorder Unit 

CDP18SUT62 MCDS Monitor ROM 

CDP18S841 MCDS Basic 3 Interpreter ROM set 
(development) 

CDP18S842 MCDS Basic 3 Interpreter ROM set 
(run-time) 

CDP18S843 MCDS Assembler/ Editor ROM’s 

CDP18S646 Microboard Printer Interface, Parallel 
Centronics Type 


System Controller 


COP18S641 Keyboard 


UART 


Video 
oi | Monitor 


lai 
CIOODOOROOnRoORe 
E ae BOAR SGOC 5 


CDP18S661 Video, 
Keyboard Interface 


CDP18S693 
Microcomputer 
Development System 


Actual MCDS Application 


This diagram illustrates a practical application of 
Microboards and the Microboard Computer Development 
System (MCDS) in custom production test equipment. 
This particular custom tester, in actual use in RCA’s 
Malaysian plant, tests and sorts transistors. In addition to 
the Beta test shown, other processor-controlled 
subsystems test for saturation voltage, breakdown 
voitage, leakage, and switching parameters. High-level 


languages were used for rapid program development. For 
the test subsystems, PLM was chosen because it contains 
built-in constructs for programming the I/O Microboards. 
For the system controller, Basic was chosen because it 
provides the human interaction and the floating-point 
arithmetic needed for displays and report generation. 

Note that the MCDS was both the basic development 
tool and the final control system. 
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Power Supplies: 


Development Systems 


Parallel I/O: 


Specifications 


CDP18S693V1 and CDP18S8693V3 
System Components 


CDP18S60! Microboard Computer 

CDP18S652 Combination Memory and 
Tape 1/O Control Module 

5-Card Chassis with Protective Base and 
Cover 

CDP18S023V1 or CDP18S023V3 Power 
Converter 

CDP18S515 TTY Terminal Interface Cable 
(20 mA) 

CDP18S516 EIA Terminal Interface Cable 
(RS232C) 

CDPI8SUT62 ROM-based Monitor 
Program 

CDP18S841 Basic 3; ROM-base Extended 
Basic Interpreter 

CDP18S810 Audio Cassette Recorder Unit 

CDP18S529 Cassette Interface Cable 

Technical Literature 


CDP18S694V1 and CDP18S694V3 
System Components 


All the components of the CDP18S693 
System plus: 

CDP18S810 Audio Cassette Recorder Unit 

Cassette Interface Cable 

CDP18S680 PROM Programmer Module 
with PROM programmer software on 
cassette tape 

Text Editor, ROM-based 

Level | Assembler, ROM-based 


Five-Card Chassis and Case 


Dimensions: 
Width 5-1/8 inches (130 mm) 
Length 9-7/16 inches (240 mm) 
Height — 3-7/16 inches (87 mm) 


Operating Temperature Range: 
0 to 70°C 


Memory, I/O, and Control Specifications 


RAM: 
4 kilobytes on CDP1I8S60! at O000H- 
OFFFH 
1 kilobyte on CDP18S652 at 8COOH- 
8FFFH 
ROM: 


4 sockets for 8 kilobytes on CDP18S60! 

2 kilobytes preprogrammed with UT62 on 
CDP18S652 at 8000H-88FFH 

12 kilobytes preprogrammed with Basic 3 
on CDP18S652 at BOOOH-DFFFH 

6 kilobytes preprogrammed with Editor/ 
Assembler on CDP18S652 at 9000H- 
A7FFH 


20 lines, programmable 
4 external flag inputs 
1 Q line output 


Serial I/O: 

RS232C or 20-mA loop, software driven, 
automatic baud rate selection up to 
1200 

Two audio cassette tape unit channels 
with start/stop controls 


System Control: 
RESET/RUN switch linkable to start 
running at 8000H for UT62 or at 
0000H for user program 


Instruction Set 
255 CDP1802 Microprocessor instructions 


Power Converter CDP18S023V1 


Input: 120 V, 50/60 Hz, 9 W 

Output: +5 V dc, +5 % at 600 mA, 
regulated 

Dimensions: 2.7 x 2.1 x 1.6 inches 

Weight: 12.5 ounces 


Power Converter CDP18S023V3 


Input: 210-250 V, 50 Hz, 9 W 

Output: +5 V dc, +5 % at 600 mA. 
regulated 

Dimensions: 130 x 63.5 x 50.8 mm 

Weight: 482 grams 


PROM Programmer 


Basic Operations: 

Program a PROM from a RAM buffer or 
tape; automatically followed by a 
verification 

Verify a PROM against RAM buffer or 
tape 

Copy a PROM into RAM buffer, auto- 
matically followed by a verification 

Fill RAM buffer with all I’s or 0's; used 
in verifying PROM erasure 

Save RAM buffer onto a tape 


Plug-In Module: 

Dimensions: 4.5 x 7.5 inches (114.3 x 
190.5 mm) 

Three Zero-Insertion Force PROM 
Sockets: 

! for 1702/CDP18U42 

| for 2704/2708 

] for 2716/2758 

Plugs into 5-Card Chassis 

Assigned to Group Select 4 


External-Programming Power: 

+25 V +0.1 V at 50 mA for 2716/2758 

+26 V 0.1 V at 20 mA for 2704/2708 

-9 V +5 % at 70 mA for reading 1702 
PROM's 

-§ V +5 % at 50 mA (pin 11) for 
2704/2708 

+12 V +5 % at 70 mA (pin 20) for 
2704/2708 

+22 V +0.1 V at 10 mA for CDP18U42 


LED Indicators 
Power ON to PROM 
External Programming Power ON 
Programming ON 


Switches: 
Power to PROM ON/OFF 
Selector Switch 


Programming Times: 


2704 — | minutes 25 seconds 
2708 — 2 minutes 45 seconds 
2716 — | minutes 45 seconds 


2758 — 50 seconds 
CDP1I8U42 — 3 seconds 


Types of PROM’s handled: 
CDP18U42 256 word by 8 bit 


1702 256 word by 8 bit-read 
only ‘Intel 
2704 512 word by 8 bit PROM'’s 
2708 1024 word by 8 bit or 
2758 1024 word by 8 bit. equiv- 
2716 2048 word by 8 bit-single } ‘ alent 
voltage only 


CDP18S810 Audio Cassette Recorder Unit 


Model: Panasonic RQ-2309A, or equivalent 

Power requirements: 110 or 220 V, 50/60 
Hz, 6 W 

Controls: tone control, volume control, 
play, record, rewind, fast forward, 
stop, eject buttons, tape counter 


Literature Supplied 


MPM-293 User Manual for the RCA 
COSMAC Microboard Com- 
puter Development Systems 
(MCDS) CDP18S693 and 
CDP18S694 

Use of Basic 3 Interpreter 
CDP18S841 with the RCA 
COSMAC Microboard Devel- 
opment Systems CDP18S693 
and CDP18S694 

MPM-920A Instruction Summary for the 
CDP1802 COSMAC 
Microprocessor 

RCA COSMAC Microborad 
Computer CDP18S601 


MPM-841 


MB-601 
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Here are some answers you might want while you are 
considering the many advantages of the MCDS. 


Why CMOS? 


The many advantages of CMOS (Complementary- 
Symmetry Metal-Oxide Semiconductor) include ultra-low 
power dissipation, high noise immunity, operation from a 
single power supply with a wide operating range or even 
from batteries, and a wide temperature range. RCA has 
been the leader in CMOS since its inception. 


Why Microboards? 


RCA Microboards are simple-to-use, small-size (4.5 x 
7.5 inches), high-performance modules that take advan- 
tage of all the CMOS features. CMOS Microboards can 
provide reliable operation in high-noise process-control, 
automotive, or production environments and are espe- 
cially effective in remote or portable applications. Because 
Microboards are designed to fit a compact universal 
backplane, you have a broad selection of readily 
interchangeable Microboards for performance expansion. 
To assure reliable operation, all Microboards are tested, 
burned-in for 72 hours at maximum rated temperature, 
and then retested. 


Why should | use the MCDS? 


MCDS is an economical highly versatile development 
system for CDP1802 CMOS Microprocessor hardware 
and software applications. With MCDS you can program 
with floating-point Basic 3 or the ROM-based 
Assembler/ Editor and take advantage of the PROM 
programmer. You can expand your system with any of 
more than 45 different Microboard products, expand 
memory to 65 kilobytes, and extend the I/O with both 
analog and digital Microboards. MCDS can be not 
only your development system but also your final 
target system. 


What’s so unusual about MCDS Basic 3? 


The Basic 3 Interpreter ROM features full floating- 
point arithmetic, line editing, trace debugging, cold or 
warm start, tape control, up to 6682 multiple-character 
variables, strings and arrays, plus access to CDP1802 I/O 
constructs. It allows calls to user machine-language 
routines and provides I/O instructions for any added 
Microboard. Another big plus for Basic 3 is a special 
ROM-based run-time version for executing your program 
on any CDP1802 system. With run-time Basic 3 and the 
user program in memory (either RAM or ROM), your 
program will begin execution immediately after reset. 
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How will the Editor/Assemblier help me? 


The ROM-based Editor supplied with the CDP18S694 
will help you generate ASCII files in CDP1802 Assembly 
language, Basic 3 instructions with line numbers, or 
simply text. The Assembler converts source files into 
executable machine language programs. With the Editor/ 
Assembler, you can write programs faster and more 
accurately using mnemonics instead of machine language. 
And you get error messages to speed up program 
debugging. 


How much memory do | get? 


With the MCDS you get 5 K of RAM and 4 sockets 
for up to 8 K of ROM. You also get 20 K of ROM 
containing the UT62 Monitor (2 K), Basic 3 (12 K), and, 
in the CDP18S694, the Editor/ Assembler (6 K). Micro- 
board Memories can be added and for mass memory 
storage you can use the tape cassettes. 


Why audio tape cassettes? 


Audio-type magnetic tapes on cassettes provide a 
low-cost, reliable means of mass memory storage. On a 
60-minute tape you can store over 115,000 ASCII bytes 
per side. The record unit is software controlled and 
operated through the Monitor program. With two units, 
provided with the CDP18S694, the Editor/ Assembler 
operations are supported at minimum cost. 


Can | use this low-cost microcomputer 
as a dedicated controller? 


Very definitely. Because of its relatively low cost, the 
optional run-time Basic, and its mass memory Storage, 
the MCDS is an excellent choice for many dedicated 
control, custom testing, or data acquisition tasks. A 
practical example is shown on page 460. 


How can | expand the MCDS capabilities? 


An easy question. Just request a copy of COSMAC 
Microboard Computers Systems CMB-250 and read 
about the more than 45 different CMOS Microboard 
products for your system. This comprehensive product 
guide describes Single-Board Computers, Memories, 
Digital I/O’s, Video-Audio-Keyboard Interfaces, A/D 
Converters, D/ A Converters plus accessory hardware. 
And our rapidly growing Microboard family always has 
more on the way. 


Is the MCDS really “unbelievably” low cost? 


This question you can best answer for yourself by 
making the same comparisons that we did. If you find 
any other system with comparable performance at 
anything near a comparable price, please let us know. 


Development Systems 


ener 
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CDP18S695 
RCA Color-Enhanced 


Microboard Computer Development System 


A Complete Stand-Alone Color System for 
CMOS Microcomputers at Unbelievably Low Cost 


Hardware Features: Software Features: 
=" CMOS Microprocessor Architecture _@ Floating-Point BASIC3 with 73 Statements and 
= CMOS Microboard Computer CDP18S601 Functions plus CDP1802 I/O Constructs 


= CMOS Microboard Memory and Tape I/O " ROM-Based Editor | 
Module CDP18S652 = ROM-Based Assembler . 

= CMOS Microboard Video, Audio, Keyboard = ROM-Based Monitor Including 13 Utility Commands 
Interface CDP18S661B | = Dual Tape-Based PROM Programmer | 

= CMOS PROM Programmer CDP18S680 =» 5 K RAM and 30 K ROM Expandable to 64 K 

= Keyboard VP601 = Tape-Based Mass-Memory Storage 

a 10-Inch Color Monitor plus | 

® 8-Card Industrial Chassis or | = Membership in RCA Software Users Group 
5-Card Chassis and Case 

a 5-Volt Power Supply 

= Two Audio-Cassette-Tape I/O Drives 

= All Required Cables 

= 20-Line Parallel I/O & 2 Serial I/O Lines 


What You Can Do With Color-Enhanced 
Microboard Computer Development System 


Develop Software for Any CDP1802 or Microboard Applications 

Use Color for Cursor and to Distinguish User Inputs from Computer Responses 
Use Background Color to Identify Monitor versus Program Development Modes 
Speed Up and Simplify Editing and Program Development 

Develop Software in Assembly Language or BASIC3 High-Level Language 
Write Your Entire Program in BASIC3 with Total 1/O Handling 

Use Color for Your Application 

Expand with Any RCA Memory or I/O Microboard 


. — See §=©Hardware Components 
ie (5-Card Chassis shown) 

of Color-Enhanced 

Microboard Computer 

Development System 

CDP18S695V1 

(For domestic use). 


Development Systems 


The RCA color-enhanced Microboard Computer 
Development System CDP18S695 is the world’s first 
color software development system for RCA-1802 | 
CMOS Microprocessor products. An economical and 
versatile system, it uses color not only to enhance the 
monitor display, but also to simplify and speed up 
screen editing. Color facilitates the separation of user 
input and computer-responses, speeds up cursor and 
prompt location, and simplifies operating mode 
identification by background color. 

The CDP18S695 uses the RCA Microboard 
Universal Backplane permitting expansion with any of 
the memory or I/O Microboards. For example, the 
addition of one Microboard CDP18S629 will fill the 
entire 64 kilobytes of memory. For hard copy output, 
a printer interface Microboard such asthe 
CDP18S646 can be readily plugged in and used with a 
parallel Centronics-type printer. With a user-supplied 
program, the serial interface on the CDP18S601 


Microboard, already part of the system, could be used . 


for a serial printer. 


Hardware Features 

The five-card chassis and case houses the four 
Microboards provided with the CDP18S695 Color 
MCDS. Included is the CDP18S601 Microboard 
Computer with 4 kilobytes of RAM, sockets for 8 
kilobytes of ROM, and 20 programmable parallel I/O 
lines. The CDP18S652 Combination Memory and 
Tape I/O Control Module interfaces the two audio 
cassette tape recorder units with one kilobyte of 
CMOS RAM, and 21 kilobytes of programmed 
ROM’s containing the Monitor program, the extended 
BASIC3 Interpreter, the Assembler and Editor, and 
the video character-memory bit patterns. 

The CDP18S661B Microboard provides the video 
and keyboard interface. The video display may be 40 
characters per line by 24 lines, or double-size characters 
20 per line by 12 lines. It provides up to !28 user- 
programmable characters in any 6 by 8 configuration. 
It has eight programmable colors for characters or 
background and provides graphics, motion, and 
hardware scrolling. A programmable tone or noise 
audio output is also available. 

The PROM Programmer Microboard programs a 
variety of EPROM’s including the 2708, CDP18U42, 
2758, or 2716. 

The power supply for the card nest is a wall-plug 
type wired to the universal backplane. The Monitor 
and the cassette recorder units are separately powered. 

Both cassette recorders are connected to the 
CDP18S652 Control Module. The units use 
economical audio-type cassette tape. The cassette 
recorders have volume and tone controls; play, record, 
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rewind, fast forward, stop, and eject buttons; and tape 
counters. The “remote” jack provides system control of 
the tapes. A 60-minute tape stores over 115,000 ASCII 
bytes per side. 

The VP-600-series keyboard has 58 flexible- 
membrane light-touch keys in typewriter format and 
uses ASCII-encoded 128-character alphanumerics. The 
keys are rated for a contact life of greater than five 
million operations. 

The color video monitor has a 10-inch diagonal 
screen and brightness, contrast, color, tint, and focus 
controls. 


Software Features 


The Color MCDS CDP18S695 has a number of 
programs for hardware and software development. 
Included are a full BASIC3 Interpreter with floating- 
point arithmetic, a resident ROM-based Monitor 
program, a ROM-based Editor, a ROM-based 
Assembler, cassette-tape-based PROM programmer 
software, and an optional ROM-based run-time 
BASIC3 for custom applications (CDP18S842). 

BASIC3 is a 12-kilobyte high-level language that 
can be easily learned and readily used by the beginning 
programmer. Features of the BASIC3 Interpreter 
include full floating-point arithmetic, line editing 
capability, “trace” debugging for program creation, 
“cold or warm” start capability, tape control, up to 
6682 multiple-character variables, 26 string variables 
or string arrays, and 26 one- or two-dimensional 
arrays. Because BASIC3 provides the CDP1802 
microprocessor I/O constructs, interrupt vectoring, 
and DMA pointers, the user can develop his entire 
program in BASIC3. However, BASIC3 also allows 
calls to user machine-language subroutines if desired. 
A separate manual (MPM-841) describes the BASIC3 
language and how to use the interpreter. 

The ROM-based Monitor UT63 (2 kilobytes) (1) 
inspects and modifies memory, (2) stores and retrieves 
data on tape or displays ASCII tape files on the video 
monitor, (3) starts execution of the BASIC3 


REM SET UP A/D AND START CONVERT 


OUT(#30,6,0) 

OUT(#30,5,4) BASIC3 
REM WAIT FOR CONVERT TO FINISH Program 

IF EF1=0 GOTO 50 Showing 
REM READ A/D CHANNEL 5 ahi 
A=INP(#30,3) - igh-Level 
REM COMPUTE THE OUTPUT anguage 


1/0 Control 


D=2.04%(SIN(A))14 
100 REM OUTPUT DATA TO D/A #1 
110 OUT(#30,3,D) 
120 GOTO 30 
A] 
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Interpreter, the Editor, the Assembler, or a user- 
generated program at any address, and (4) debugs 
programs, The thirteen UT63 Monitor commands are 
Memory Move, Memory Fill, Memory Substitute, 
Memory Display, Memory Insert, Program Run, Read 
Tape, Write Tape, Rewind Tape, Copy Tape to 
Screen, Run Basic, Run Editor, and Run Assembler. 
Callable Read and Type routines permit 
communication between the video monitor and 
keyboard. 


> D0-1F 
0000 F810 2A3C 7A30 2C4F; 
0008 22C4 6060 F018 12C2; 
0010 6300 6408 A33F 4500; Utility/ 
0018 12D2 633A A367 3000 
Monitor 
P 10 F822B3D4 Debug 
Session 


P S100 83-12 46-34 2A-30 
0103 33-00 A9- B6-23 


P F200-300 5A 


The resident ROM-based Editor program allows the 
user to create ASCII files on cassette tape. These files 
can be Level I CDP1802 language, BASIC3 
instructions with line numbers, or simply text. The 
Editor Level I output file becomes the input file for 
the Assembler. The Editor commands include: Move 
pointer to beginning of buffer, Move pointer to end of 
buffer, Move pointer by n characters, Move pointer by 
n lines, Define input tape, Append lines, Insert text, 
Delete n lines, Save n lines, Get saved text, Find text, 
Substitute text, Define output tape, Type n lines, 
Write n lines to output tape, Write entire buffer to 
output tape, Print n lines, Return to UT63, and Quit 
session and restart Editor. 


PE 
MCDS TAPE EDITOR VER. 0.0 
. THIS IS A TEST 
‘LDI #34; PLO RF 


LDI #2C; PHI RF Editor/ 


Assembler 
Program 
Start-up 


MCDS ASSEMBLER VER. 0.0 
READ?0 
WRITE?1 

PRESS PLAY ON READ TAPE 
TYPE ANY KEY@® 


The resident ROM-based Assembler program 
converts a Level I source file on tape (source code) 
into an executable machine language program on 
another tape (object code). The UT63 Monitor 
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program loads the object code into memory for 
execution, or the PROM Programmer can put it into 
EPROM. The Assembler permits the user to write — 
programs using convenient mnemonic expressions 
rather than machine language. Error messages assist in 
debugging. . 

The PROM programmer software enables the rapid 
copying, verifying, reading, and programming of the 
RCA CDP18U42, the Intel 2708, 2758, and 2716 UV- 
erasable PROM'’s, or equivalents. 


Demonstration 
of Video 
Overlay - a 
Potential 
Application 


Optional Software 


The BASIC3 Run-time version CDP18S842 allows 
the user to execute his program in any CDP1802- 
based system. This version starts program execution 
automatically after reset. Thus, the user may develop 
his program using the BASIC3 development version 
supplied with the CMCDS and then for his final 
turnkey operation, use the BASIC3 Run-time version. 
(Part number CDP18S842) 

The VIS Interpreter, CDP18S836 on cassette, is an 
interpretive language designed to control the video 
interface system of the CDP18S661B Microboard 
Video-Audio-Keyboard Interface. Its interpretive 
command set provides simple control of text, graphics, 
and motion ona color screen. 

Fixed-point binary arithmetic subroutines are 
available on ROM CDPRS82. This ROM contains a 
set of 16-bit 2’s-complement arithmetic subroutines 
designed to operate on a CDP1802 microprocessor 
system. 


Microboard Expansion Modules 


The user can add any of the many CDP18S600- 
series Microboards to provide I/O expansion or 
expanded peripheral interfacing. Microboards have a 
wide temperature range; normal operation is at —40 
to +85°C with exceptions. (Booklet: COSMAC 
Microboard Computer Systems CMB-250) 


Development Systems 


CDP18S695 Specifications 


System Components 


CDP18S601 Microboard Computer 

CDP18S652 Combination Memory and Tape 
1/O Control Module 

CDP18S8661B Video-Audio-Keyboard 
Interface Module 

5-Card Chassis with Protective Base 
and Cover 

CDP18S023 Power Converter 

CDP18S680 PROM Programmer Module 
with PROM Programmer Software on 
Cassette Tape 

Text Editor, ROM-based 

Level I Assembler, ROM-based 

CDP18SUT63 ROM-based Monitor Program 

CDP18S841 BASIC3; ROM-based Extended 
Basic Interpreter 

Two CDP18S810 Audio Cassette Recorder 
Units 

Two CDP18S529 Cassette Interface Cables 

Technical Literature 


Eight-Card Industrial Chassis* 


Dimensions: 
Width 10.08 inches (256 mm) 
Length 6.26 inches (159 mm) 
Height 5.76 inches (146 mm) 


Color Video Monitor 


10-inch diagonal screen 

Composite video; NTSC color 

Bridged or terminated video input; 
video output 

Controls: Front - Brightness, 
Color, Tint, Vertical Hold, 
ON/OFF; Rear - Screen, Focus, 
Horizontal Hold, Vertical Height, 
Sharpness 


Keyboard 


Model: VP601 

128-character ASCII 

58-key Typewriter Format 
I-kilohertz audio-key-down signal 


CDP18S810 Audio Cassette Recorder Unit 


Model: Panasonic RQ-2309A, or equivalent 
Power requirements: 110 or 220 V, 
50/60 Hz, 6 W 
Controls: tone control, volume control, 
play, record, rewind, fast forward, 
stop, eject buttons, tape counter 


Power Supply 


Molded plastic 
Input: 110 volts, 60 Hz 
Output: +5 volts at | ampere, regulated 


Cables 


Keyboard to CDP18S661B 

Two Audio Cassette to CDP18S652 
CDP 18S661B to Video Monitor 
Power supply to 5-card chassis 


*May be supplied with 5-card chassis and case. 


Memory, I/O, and Control 
Specifications 


RAM: 
4 kilobytes on CDP18S60! at 
0000H-OFFFH 
1 kilobyte on CDP18S652 at 
8COO0H-8FFFH 


ROM: 

4 sockets for 8 kilobytes on CDP18S60! 

2 kilobytes preprogrammed with UT63 
on CDP18S652 at 8000H-87FFH 

12 kilobytes preprogrammed with BASIC3 
on CDP18S652 at BOOOH-DFFFH 

6 kilobytes preprogrammed with 
Editor/ Assembler on CDP18S652 at 
9000H-A7FFH 

| kilobyte preprogrammed with 
character pattern for CDP!18S661B 
at F400-F7FF 


Video 1/0: 
Memory mapped in F400 to FFFF 
Composite video output 


Parallel 1/O: 
20 lines, programmable 
4 external flag inputs 
1 Q line output 


Serial 1/O: 
RS232C or 20-mA loop, software driven 
Two audio cassette tape unit channels 
with start/stop controls 


System Control: 
RESET/RUN switch linkable to start 
running at 8000H for UT63 or at 
0000H for user program 


Instruction Set 


255 CDP1802 Microprocessor 
instructions 


PROM Programmer 


Basic Operations: 

Program a PROM from a RAM buffer or 
file; automatically followed by a 
verification 

Verify a PROM against RAM buffer or 
file 

Copy a PROM into RAM buffer, auto- 
matically followed by a verification 

Fill RAM buffer with all 1’s or 0’s; 
used in verifying PROM erasure 

Save RAM buffer onto a file 


Plug-In Module: 

Dimensions: 4.5 x 7.5 inches (114.3 x 
190.5 mm) 

Three Zero-Insertion Force PROM 
Sockets: 

1 for 1702 or CDP18U42 

1 for 2708 

| for 2716 or 2758 

Plugs into 5-Card Chassis 

Assigned to Group Select 4 
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Extermal-Programming Power:* 
+25 V + 0.1 V at 50 mA for 2716 or 2758 
+26 V + 0.1 V at 20 mA for 2708 
—9 V + 5% at 70 mA for reading 1702 
PROM'’s 
—5 V + 5% at 50 mA (pin 11) for 2708 
+12 V + 5% at 70 mA (pin 20) for 2708 
+22 V+ 0.1 V at 10 mA for CDP18U42 
*Supplied by user 


LED Indicators: 
Power ON to PROM 
External Programming Power ON 
Programming ON 


Switches: 
Power to PROM ON/ OFF 
Selector Switch 


Programming Times, (approx.): 
2708 - 2 minutes 45 seconds 
2716 - | minute 45 seconds 
2758 - 50 seconds 
CDP 18U42 - 3 seconds 


Types of PROM’s handled: 
CDP18U42, 256 word by 8 bit 


1702, 256 word by 8 bit— Intel 
read only PROM'’s 
2708, 1024 word by 8 bit or 
2758, 1024 word by 8 bit equiva- 
2716, 2048 word by 8 bit- lent 


single voltage only 
Literature Supplied 


MPM-295 User Manual for RCA 
COSMAC Color Microboard 
Computer Development Systems 
CDP18S695 

MPM-841A BASIC3 High-Level- 
Language Interpreter 
CDP18S841 
User Manual 

MPM-920A Instruction Summary for 
the CDP1802 COSMAC 
Microprocessor 

MPM-60!1 RCA COSMAC Microboard 
Computer CDP18S601 

MB-661B RCA COSMAC Microboard 
Video-Audio-Keyboard 
Interface CDP18S661B 


Microboard Computer 
Development Systems 
(MCDS) CDP18S693 and 
CDP18S694 


These economical and versatile 
Systems require only a user-supplied 
terminal and a black-and-white video 
monitor for RCA 1800-series 
hardware and software development. 
For information request Booklet 
PD13. 
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Why the Low-Cost RCA Color Microboard Computer 
Development System (CMCDS) is Your Best Entry into 


CMOS Microprocessors, Memories and Peripherals 


Microcomputers 


Here are some answers you might want while you are 
considering the many advantages of the CMCDS. 


Why Microboards? 


RCA Microboards are simple-to-use, small-size (4.5 
x 7.5 inches), high-performance modules. Microboards 
can provide reliable operation in high-noise process- 
control, automotive, or production environments and 
are especially effective in remote or portable 
applications. Microboards are designed to fit a 
compact universal backplane and give you an 
extremely broad selection of readily interchangeable 
Microboards for performance expansion. To assure 
reliable operation, all Microboards are tested, burned- 
in for 72 hours at maximum rated temperature, and 
then retested. 


What Does Color Enhancement Do for Me? 


Color enhancement has several major benefits. It 
speeds up and simplifies editing and program 
development (1) by using a unique cursor color that 
quickly identifies it, (2) by using different colors for 
user keyboard input and for computer response and 
(3) by using different background colors to identify 
whether the utility program is in control or whether 
the system is in the program development mode. In 
addition, colors can be used in the display with your 
application. 


Actual CMCDS Applications 


This diagram illustrates a practical application of 
Microboards and the Color Microboard Computer 
Development System (CMCDS) in custom production 
test equipment that tests and sorts transistors. In 
addition to the Beta test shown, other processor- 
controlled subsystems test for saturation voltage, 
breakdown voltage leakage, and switching parameters. 


Beta Test Subsystem 


COP18S602 
CPU 
CDP18S644 
Analog-Digital eat 


CDP18S659 
ma, Breadboard 
Programmed in PLM 1800 


Universal Bus 


Test 
Device 


Universal Bus 


Can the CMCDS Be the Heart of 
My Final Product? 


Because the CMCDS is a Microboard system 
expandable with any RAM or I/O Microboard, it can 
readily become your end product for control, testing, 
or data acquisition tasks. For example, with a 
CDP 188642 D/A Converter and suitable controllers 
you can make a remote control system that could have 
up to 115,000 instruction bytes on one cassette. 
Because of their low power, the CMCDS CPU 
Microboard and a CDP18S658 A/D Converter can 
comprise a battery-powered remote-data-acquisition 
system. And, if needed, the CDP18S653 MODEM 
Microboard can add a communications link between 
you and your remote system. 

Your CMCDS can also be a field-programmable 
controller or data access system. Write your program 
in BASIC3 using the system in Run or Direct Execute 
mode as needed for debugging. Then, with the PROM 
Programmer put your program in EPROM and use 
Run-time BASIC for the final system. If a change in 
the program becomes necessary because of changing 
requirements, merely restore the BASIC3 ROM’s and 
you can reprogram, debug, and remake EPROM’s to 
meet the new requirements. 


High-level languages were used for rapid program 
development. For the test subsystems, PLM was 
chosen because it contains built-in constructs for 
programming the 1/O Microboards. For the system 
controller, Basic was chosen because it provides the 
human interaction and the floating-point arithmetic 
needed for displays and report generation. 


Note that the CMCDS was both the basic 
development tool and the final control system. 


System Controller 


Color 
Video 
Monitor 


Keyboard 
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Audio Tape 
Units 


CDP18S641 
UART 


CDP18S695 
Color 
Microboard 
Computer 
Development System 


Programmed in Basic ~~ 
92CM-34530. 
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RCA MicroDisk Development System 


The RCA MicroDisk Development System MS2000A 
is a new microprocessor computer system utilizing 3!/2- 
inch, high-density microfloppy disk drives. The disks 
provide 645 kilobytes of on-line mass memory storage. 
Featuring higher speeds than its predecessors, the 
MS2000A, with its new DMA controller, has reduced 
system load time to 0.6 second. The MS2000A is 
designed to facilitate the development of hardware and 
software for applications based on the RCA micropro- 
cessor products. 

The MicroDisk Development System is contained in 
a 20-slot Microboard Industrial Chassis. The chassis is 
5.76 x 10.08 x 14.7 inches and contains four Micro- 
boards, a power supply and Dual Microfloppy Disk 
Drives. The chassis provides four additional spare slots 
for expansion and enhancements. 

The memory includes 62 kilobytes of RAM, 2 kilo- 
bytes of ROM and 645 kilobytes of on-line mass memory 
storage on microfloppy disks. Software provided in- 
cludes an augmented resident monitor program 
CDP1I8SUT70 and the CDP18S845 MicroDOS operat- 
ing system. MicroDOS includes an Editor and a Macro- 
Assembler ASM8 that operates with all the RCA CMOS 
Microprocessors (CDP1802A, CDP1802AC, 
CDP1802BC, CDPi804AC, CDPI805A, and 
CDP1806AC). 

Optional add-ons include a PROM Programmer 
package, printer interface, BASICI, the CDP-18S040 
CRT Terminal providing full-screen editing, and the 
MSE300! MicroEmulator providing in-circuit emula- 
tion with full-screen editing capability. 


Hardware Features 


e¢ CMOS Microboard Computer with 
UART Terminal Interface 
e¢ CMOS Microboard 32-Kilobyte 
Memory Modules (2) 
© Microfloppy Disk LSI Controller 
with DMA CDP18S651 
® Dual 3'/2-Inch, High-Density Microfloppy Disk 
Drive Module (645 KB formatted data) MSIM 50 
e Switching Power Supply Module with Power-On 
Reset and Control Functions MSIM 40 
e 20-Slot Industrial Microbard Chassis 


4 Spare Slots for Expansion 

Two-Kilobyte ROM for Monitor 

Two Spare Diskettes 

Interface Cables 

Operates with Any Standard RS232 Data Terminal 
Combining with MSE3001 MicroEmulator Provides 
Full-Screen Editing plus Debugging Capabilities for 
All RCA Microprocessors 


Software Features 


® MicroDOS File Management and Operating 
System CDP18S845 

@ MacroAssembler for All RCA 1800-series 

Microprocessors 

Editor 

BASIC2 

PLM-1800 

Higher Operating Speeds 

Expanded Monitor Functions using the 

CDP18SUT70 Monitor Program 

@ Self-Test Capability 

@ Optional MacroAssembler for 6800, 6802, 6803, 6805, 
6808, 6809 


One of the features of the MicroDisk Development 
System MS2000A is its modular construction. The 
modules that make up the MS2000A include: 

@ 20-slot Microboard Industrial chassis, MSI 8820, 
with backplane 

e CMOS Microboard Computer (CPU) 

@ Microboard Memory Module, CDP18S632, with 

30 Kilobytes of RAM 
e Microboard Memory Module, CDP18S628, with 

30 Kilobytes of RAM and 2 Kilobytes of ROM 
e MicroFloppy Disk Controller, CDP18S651 
e Dual-Disk Drive Module, MSIM 50 
@ Power Supply Module, MSIM 40 or MSIM 40E 


The chassis supplied with the MS2000A is a 20-slot 
customized MSI 8820 industrial chassis. It includes an 
integral card rack, backplane, and case. The top and 
bottom covers are perforated and removable. The front 
and back covers are removable as are the side panels and 
end bezels. 
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The backplane is a standard Microboard Universal Bus 
in which any module may occupy any position. The 
backplane signals and their pin assignments are shown in 
the User Manual for the MS2000A. 

The user may wish to rearrange the position of the 
existing modules when adding expansion modules. For 
example, ifa UART card or a Modem card is added, the 
two memory cards can be moved to slots 13 through 16to 
place the serial-interface card near the left side for ease of 
cable entry. 

When using the PROM Programmer CDP18S680, the 
left side panel may be removed and the Programmer 
placed in slot | for access through the left-hand end bezel. 

The Microboard Computer supplied as the CPU of the 
system is a variant of the CDP18S605 Microboard 
Computer. The on-board memory has been left out 
because the system memory is wholly contained in the two 
memory Microboards. As a result, the CDP1I802A 
Microprocessor and the CDP1854A UART are the main 
functional units. The UART provides the serial-data path 
to an external data terminal through the RS232C interface. 
The baud rate is selectable by the setting of a DIP switch 
onthe CPU Microboard. Baud rates from 50 to 19,200 
are available. 

One of the two Microboard Memory cards is a variant 
of the CDP18S632 and the other is a variant of the 

-CDP18S628. The former is populated with 32 kilobytes 

of RAM and occupies memory space from 0000H 
through 7FFFH (H indicates hexadecimal notation). The 
latter is populated with 30 kilobytes of RAM and 2 
kilobytes of ROM. The ROM contains the monitor 
program UT70. The ROM occupies memory space 
8000H through 87FFH, and the RAM 8800H through 
FFFFH. 

The Microboard Disk Controller, CDP18S651, provides 
the I/O interface between the system software and logic 
and the two disk drives. Instruction and status data are 
transferred by output and input commands; bit data are 
transferred by Direct Memory Access (DMA). The logic 
to control the DMA process is built into the disk 
controller Microboard to interface with the on-chip 
DMA controller of the CDP1802A on the CPU Micro- 
board. At the end ofa DMA transfer, external flag EF3 is 
used to signal the completion to the software. The 
monitor program UT70 contains the I/O driver routines 
for performing all the commands for the disk operating 
system (MicroDOS). The disk controller can perform the 
following instructions: 

e Seek a track 
Format a track 

Write a sector 

Read a sector 

Read multiple sectors 

Write multiple sectors 

CRC READ (Read without data transfer but 
With error checking) 


e Recalibrate (Return heads to home position 
On track 00) 
e Scan Equal (Check memory = disk data) 


The disk controller is capable of a variety of formats. 
Consult the Specifications section for the format and disk 
organization used by the MS2000. 

The two MicroDisk drives are contained in the MSIM 
50 module. The module occupies eight slots in the 20-slot 
chassis. An edge connector picks up power from the 
backplane, and power-conditioning circuits then provide 
+5 and +12 volts to the two disk drives. The signal cable is 
a “daisy chain” configuration using a 26-wire flat cable. 

The drives are labeled 0 and 1, corrresponding to the 
drive number used in the MicroDOS commands. Drive 0 
is the left drive. 

The mating 3.5-inch diskette has a hard cover with a 
sliding cover over the head access window. 

The MSIM 40 or MSIM 40E Power Supply Module 
plugs into the system chassis and occupies four slots. The 
edge connector supplies +5, +15, and -15 volts to the 
system backplane and interfaces the control logic to the 
system. An AC input cord, fuse holder, power on-off 
switch, and power-on indicator (+5-volt LED) are on the 
front panel. In addition to the power functions, the front 
panel provides two system control switches and arunning 
indicator. The RUN UTILITY (RNU) switch, when 
pressed down, causes a system reset followed by a start at 
address 8000H, the beginning of the monitor program 
UT70. The RUN PROGRAM (RNP) switch, when 
pressed down, causes a system reset followed by a start at 
address 0000H, where a user program may have been 
stored in RAM. If either switch is pressed upward, a 
system reset is generated and latched until either switch is 
pressed down. The indicator LED labeled RUN is lighted 
during program execution and extinguished when an 
IDLE instruction, a WAIT condition, or any malfunction 
preventing normal fetching of instructions is encountered. 

The use of a MSIM 40 and MSIM 40E constitutes the 
only difference between the MS2000A and MS2000AE. 
The MSIM 40 has a 120-volt UL-type plug while the 
MSIM 40E has a 240-volt European-type plug. Power 
supply electronics remain the same. 


BASIC2 Interpreter CDP18S840V4. This high-level 
language, more powerful than BASIC1, is also designed 
to facilitate rapid program development. Supplied on a 
diskette, it features floating-point and integer numbers, 
80 statements and functions, one- or two-dimensional 
numerical arrays, one-dimensional string arrays, disk 
I/O, and trace function for debugging. In addition it has 
several enhanced features making use of the CDP1802 
special capabilities including DMA capability, two-level 
input/ output capability, statements to enable and disable 
interrupts, interrupt routines in BASIC2, and machine- 
language subroutines. 
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The PLM-1800 High-Level-Language Compiler 
CDP18S839, provided on a diskette, is a software pack- 
age designed to accelerate program development. It has 
features similar to those of many well-known high-level 
languages such as PL/ 1, ALGOL, and PASCAL. Use of 
the PLM language encourages structured programming 
and, hence, provides easy readability and maintenance. 
Its scoped procedures and control structures also sup- 
port modular programming. 


The PLM Compiler automatically creates code for 
complex conditions and signed sixteen-bit arithmetic 
expressions, and it performs systematic register and 
storage allocations. Because of these features, the pro- 
grammer has more time to concentrate on the application 
requirements. 

The PLM Compiler also supports CDP 1800 features. 
It contains built-in functions such as shift operations 
(SHL, SHR, SCL, SCR), data conversions (LOW, 
HIGH), and declaration-based information functions 
(ADDR, LENGTH). Other built-in functions or pre- 
declared variables (Q, MEMORY, DMAPTR, 
STACKPTR, EFI, EF2, EF3, EF4, CARRY) allow 
access to CDP1802-based hardware. Data transfers 
through the I/O ports are supported by INPUT and 
OUTPUT. The interrupt mechanism is programmable 
with the INTERRUPT attribute for procedures and the 
ENABLE and DISABLE statements. A built-in proce- 
dure, TIME, allows time delays based on the micropro- 
cessor clock. 

Code written in PLM may be integrated with asembly 
code through the Compiler’s in-line-code feature. In 
addition, the Compiler produces CDP1800 assembly 
code that can be combined with other assembly-time 
code. 


Optional Accessories 


PROM Programmer CDP18S680V4. The PROM 
Programmer is a hardware package that facilitiates user 
programming of industry-standard PROM’s. Specifi- 
cally, Intel 2758 and 2716 UV-erasable PROM’s or 
equivalent can be programmed with this system. In 
addition, Intel 1702-type PROM’s can be read (but not 
programmed) or combined into larger-size PROM’s. 
The PROM Programmer may be added to the 
MS2000A/AE MicroDisk Development System by 
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means of the PROM Programmer package 
CDP18S680V4. The PROM Programmer package 
includes a plug-in Microboard module. The PROM 
software is provided on the system disk and is designed 
for flexibility so that, in addition to the numerous basic 
operations provided, more sophisticated procedures can 
be derived from these building blocks. For example, a 
PROM can be copied from another PROM or pro- 
grammed from a disk-resident file. An external power 
supply is required as a programming voltage. 

The PROM Programmer software is designed to 
prompt each step of a procedure so that operation of the 
system is self-explanatory and, it is hoped, relatively 
error-proof. 

The user can add up to four Microboards to provide 
I/O expansion or expanded peripheral interfacing. 


BASIC1 Compiler/Interpreter, CDP18S834V4. The 
BASICI Compiler/Interpreter, provided on a diskette, 
is a high-level-language software package designed to 
simplify program development on the MS2000A/AE 
MicroDisk Development System. 

An excellent language for the beginner, BASIC] is 
easily learned and facilitates the rapid development of 
elementary application programs. A feature of BASIC] is 
that it can form the core of a system whose facilities, 
limited only by the system memory, may be extended 
indefinitely by the addition of machine-language routines. 

The BASIC Compiler/ Interpreter gives the user the 
option of (1) developing and running programs in BASIC] 
directly, or (2) converting these programs to executable 
object code capable of running at a greater speed. 


Binary Fixed-Point Arithmetic Subroutines CDP- 
18S826V4. This software package is a set of 16-bit 2’s- 
complement fixed-point arithmetic subroutines including 
addition, subtraction, multiplication, and division. Also 
included are binary-to-BCD and BCD-to-binary con- 
version routines plus various other utility routines. 

Binary Floating-Point Arithmetic Subroutines CDP- 
18S827V4. This software package is a set of 32-bit 
floating-point arithmetic subroutines including addition, 
subtraction, multiplication, division, sine, cosine, arctan, 
natural log, e*, and square root. Also included are binary- 
to-BCD and BCD-to-binary conversion plus other utility 
routines. 
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System Components 
20-slot Industrial Microboard Chassis 
CDP18S605 Microboard Computer less memory 
CDP18S632 Microboard Memory configured as 32- 
kilobyte RAM 
CDP18S628 Microboard Memory configured as 30- 
kilobyte RAM plus 2-kilobyte ROM 
CDP18S651 Microboard Disk Controller 
MSIM 50 Dual MicroFloppy Disk Drive Module 
MSIM 40 Power Supply (MS2000) or MSIM 40E 
(MS2000E) 
UT70 Monitor Software, ROM-based (On 
CDP 18S628) 
CDP18S516 EIA RS232C Terminal Interface Cable 
Dimensions 
Height: 5.76 inches (146 mm) 
~ Width: 14.7 inches (373 mm) 
Depth: 10.08 inches (256 mm) 
Weight: 18.5 pounds (8.4 kilograms) 
Power Supply and Controls 
Plug-in Power Supply 
Output: 
+S Vat3 A 
+15 V at 1.6 A, 2-A peak 
-15 VatO0.8A 
Input: 
90 to 132 V, 47 to 440 Hz (MS2000A 
180 to 264 V, 47 to 440 Hz (MS2000AE) 
Fuse: | A slow-blow, front-panel mounted 
Controls: 
Power on-off switch - front panel 
RESET - RUN U switch 
RESET - RUN P switch 
Indicators: 
RUN LED 
+5 VON LED 
Operating Temperature Range 
5 to 40 degrees C © 


Literature 


Supplied with MS2000 
MPM-24IPI1- User Manual for RCA 

MicroDisk Development 

System MS2000 

User Manual for the RCA 

CDP1802 Microprocessor 

MPM-201C(Supp.)-Instruction Set for RCA 
CMOS Microprocessors 
CDP1804A, 5A, 6A 


MPM-201C- 


MB-605- CDP18S605 Microboard 
Computer 

MB-628- RCA CMOS Microboard 
Memories CDP18S628 

MB-50- MSIM S50 Dual 
MicroFloppy Disk Drive 

MB-40- MSIM 40 Power Supplies 
for RCA Industrial 
Microboard Chassis Series 

MB-651- CDP18S651 MicroFloppy 
Disk Controller 

PD45- RCA MicroDisk Operating 
System CDP18S845 and 
Monitor Program CDP18SUT70 

MB-8- RCA Microboard Industrial 


Chassis Series 
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MicroEmulator 


The RCA MicroEmulator MSE- 
3001 is a powerful, self-contained, 
portable emulator for simplifying and 
augmenting the development of mi- 
croprocessor software and hardware 
systems. Its modular design enables 
it to support RCA 1800-series micro- 
processors. As a debugging tool it is 
used to stop onacondition, check the 
status of the system under test, mod- 


ify its state, and continue executing. It 


operates without the use of any other 
equipment. As a data terminal, it pro- 
vides full-screen editing capability 
and is particularly suited for opera- 
tion with the new RCA 3%-inch Micro- 
Disk Development System MS2000A. 

The MicroEmulator includes a 
built-in Logic State Analyzer Module 
which provides the unit with a real- 
time high-speed trace buffer (1024x 
64), a self-sealing interval timer, and 
four additional active breakpoints. 
These additional breakpoints trace 
trigger words (4) have logical or se- 
quential control functions built in. 
Trace buffer outputs can be displayed 
disassembled or in any number base 
supported by the MicroEmulator. A 
trace qualifier word conditions the 
trace buffer for specific machine 
states. 

The MicroEmulator has an 80- 
character by 24-line cathode ray tube 
that displays sufficient data for a full 
analysis. It has a full ASCII keyboard 
plus special function keys for full- 
screen editing and soft keys for com- 
mand entry. The soft keys are defined 
on the bottom row of the screen and 
change labels and functions to suit 
each new task. 

The MicroEmulator is a “user- 
friendly” system. It provides the user 
with several options forentering com- 
mands including full-screen editing. 
It detects errors instantaneously, 
flags them with English error mes- 
sages, and restores the original data 
for reentry. The user may enter a 
command word by striking one soft 
key or, if touch typing is preferred, by 
abbreviating the command word. The 
MicroEmulator always prompts the 


MSE3001 MicroEmulator 


SARA 
scala AMANO 
aah MOA AISI 


user for command data. Experienced 
users, however, need not wait for 
prompts and may proceed as rapidly 
as desired. 

The MSE3001 _ is a versatile, self- 
contained instrument that can be 
used very efficiently not only in sys- 
tem design and development, but also 
in factory testing and field servicing. 


Features: 


Powerful Emulator 

e Extensive Set of Debugging Facil- 
ities 7 

e Debug Software Either With or 
Without System-Under-Test 

e Handles Multiple Number Bases 

e 16 Real-Time Breakpoints Defin- 
able, 4 Active at Any One Time 

e Disassembly while Executing 

e Real-Time Memory Map Option 

e Logic State Analyzer 

User Friendly 

e Full-ASCII Keyboard plus Special- 

Function Keys 

Full-Screen Debugging 

Instantaneous Error Detection 

e 9” x 5” CRT, 80-Character by 
24-Line Display 


. © CRT Data Terminal 


¢ Soft Key Command Entry 
Supports RCA 1800-Series Micro- 
processors 

¢ Modular 


e Self Contained 
e Portable 
¢ Download and Upload from Most 
Development Systems and Com- 
puters 
Displays 
Following is a listing of the availa- 
ble screen displays. Each features 
full-screen editing and soft-key com- 
mand entry to modify any and all dis- 
played data. 


REGISTERS — All internal CPU 
registers 
MEMORY — Displays full page 
(256 bytes) 
1/0 SIGNAL STATUS and control 
COUNTER/TIMER — For CDP- 
1804A, CDP1805A, CDP1806A 
~ BREAKPOINT — 4 active break- 
points up to 64 bits wide 
RUN — Real time 
STEP EXECUTION — Displays ad- 
dress bus, disassembled data bus 
CLOCK — Three sources includ- 
ing internal frequency synthesizer 
TERMINAL — For any external 
_ system including RCA MicroDisk 
MS2000A 
MEMORY MAP OPTION — Write- 
protect capability 
LOGIC ANALYZER — Real-time 
trace data displayed in multiple 
bases, or disassembled. Four com- 
parators plus program timer mode. 
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MSE3101 


32K CMOS Overlay Memory 
(MicroEmulator Option) 


MSE3102 


64K CMOS Overlay Memory 
(MicroEmulator Option) 


These overlay memory modulesare ware without a connected system- dent page basis anywhere within the 
plug-in modules for the MicroEmula- under-test. These modules may be memory space of the target system. 
tor and are required for MicroEmula- mapped on an individual, indepen- 200 ns CMOS RAMs are used. 


tor users who intend to debug 


soft- 


MicroEmulator Spare Assemblies 


MSE 3300 
CDP18S524 
CDP18S525 


CDP18S527 
CDP18S528 
CDP18S529 
CDP18S530 
CDP18S531 
CDP18S532 


Logic State Analyzer Module 

Master Board Module — with software EPROMs 

1800-Series Header Pod Module — includes cables for connec- 
tion to Personality Module and system under test. 

CRT Assembly 

Switching Power Supply Assembly 

Keyboard Module 

Ribbon Cables — Personality to Header 

Ribbon Cable — Keyboard to Master Board 

Ribbon Cable — Header to S.U.T. 


MSE 3300 Logic State Analyzer Module (a) 
and MSE 3102 64K CMOS Overlay Memory (b). 
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Emulator Installation 


your system. 


As an additional test, press the LOGANLYZR func- 
tion key. The screen should resemble the one shown in 
Figure 2. If the board is not installed or not recognized by 
the emulator, a “LOGIC ANALYZER NOT IN- 
STALLED” message will appear on the command line. 
The “early” firmware missing some of the previously- 
mentioned labels (MODELA, DATALA, DUMPLA) 
will also generate this message even if the board is present. 


TARGET CPU 
DEVICE 
(UP TO 64 LINES) 


TRIGGER 


STATE AND 
RAM QUALIFIER 
LoGiIc 


EMULATOR DATA 
DATA MUX 
BUS 


ADDRESS 


EMULATOR 
ADDRESS eat 
BUS 


MUX 


U 


START/STOP 
eS . Loaic PRESCALER 


REFERENCE 
CLOCK 


19 18 17 


19 BIT GRAY CODE COUNTER 


19 1 


TO EMULATOR 


92CS-36895 


Fig. 1 - RCA MicroEmulator Logic State Analyzer 


MSE3300 Block Diagram. 


The logic state analyzer board may be installed in any 
available slot of the MSE3000 emulator system. Be sure 
that power is OFF before attempting to insert the board. 

After restoring power to the emulator, press the reset 
button and then the ETC function key (F8). If the func- 
tion key list does not show LOGANLYZR, MODELA, 
DATALA, and DUMPLA labels, then the firmware in 
your emulator is an early release that doesn’t support the 
logic analyzer board. In this case, contact RCA Micro- 
systems Marketing to arrange for proper firmware for 
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The logic state analyzer consists of two major circuit 
functions: a state tracing memory with 1023 cells of up to 
64 bits per cell, and an interval timer with a range of 
microseconds to days. 

Refer to the block diagram in Figure |. The logic state 
memory contains 1024 cells and lifts its data from the 
MicroEmulator backplane. The data represents hard- 
ware information relevant to the processor currently 
being emulated (address bus, data bus, etc.). The storage 
contents are accessible to the Emulator via the data mux. 
An address generator is directed to advance between 
samples by the trigger and qualifier logic. The “current” 
cell is always treated as the next one available and thus 
1023 states are the maximum that can be stored in one 
sample. The address mux allows the host to locate sample 
data. 

The trigger and qualifier logic determine if tracing 
should commence, end, or if the last sample was valid for 
storage. The trigger logic may also be directed under 
software control to start or stop the interval timer. 

The timer consists of a 19 bit gray code counter witha 
time base of | microsecond. The upper 3 bits are used to 
prescale the basic clock by 16 whenever a counter “carry” 
occurs. Thus the timer maintains 16 bits of resolution on 
any time base selected by the high 3 bits. 

Four functions keys access and configure the logic 
analyzer board. The MODELA key sets the analyzer in 
the TRACE, BPEXTEND, or TIMER mode. The trace 
mode is used to log machine states in the storage memory. 
The breakpoint extension mode allows the logic analyzer 
triggers to be used as additional breakpoints. The timer 
mode configures the system as an interval timer. 

The DATALA key allows examination of stored trace 
data on the screen in hex, binary, or symbolic disassem- 
bly. The DUMPLA sends stored trace data out of the 
emulator via an RS232 port for printer or other 
applications. 

The LOGANLYZR key displays the triggering and 
trigger modes for the respective mode of operation chosen 
(TRACE, BPEXTEND, TIMER). 

Detailed descriptions of screens, triggering, and modes 
of operation are contained in the remaining sections of 
this document. 
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EC A MM D S$ NQ EEEE DD | WC WM E 
NN ---D RW -A C FFFF MM N TL RA --=----- x 
A T R DR T 4321 10 T R P P 76543210 
TRIGA 0 1 XXXX XX XX X X X XXXX XX MX XX X X_ XXXXXXXX 
TRIGB 0 1. XXXX XX XX X X X XXXX XX X XX X X_ XXXXXXXX 
TRIGC 0 1  XXXX XX XX X X X XXXX XX KX XX X X XXXXXXXX 
QUALIF 0 XXXX XX XX X X X XXXX XX X XX X X XXXXXXXX 
MODE A+B+C 
TRIGPT = START STATUS 
TRIGGERED? NO 
LABREAK DISABLED WHAT TRIGGERED? 
SAMPLE COMPLETE? 
ARM NO 


LOGIC ANALYZER HEX TRACE DISPLAY 


CHANGEBASE CLEAR 


MODE 


ARM 


— oe FE- 


F 
LABREAK TRIGPT TRIGGERA- ETC 


Fig. 2 - Logic Analyzer Hex Trace Display. 


Logic State Analyzer Description 


Triggering 

Refer to Figure 2. 

The logic analyzer triggers (A, B, and C) are used to 
determine when logging of data should commence or end. 
The trigger point can be defined to be the beginning, 
middle, or end of the storage buffer. The trigger field on 
the screen includes the target CPU address, data bus, and 
other relevant signals. These may be defined as true (1), 
false (0), or “don’t care” (X) by the user. The count 
column (CNT) allows for repetitive occurrences of the 
trigger event (from | to I5) before the trigger condition is 
satisfied. For example, trigger A could be programmed to 
require 5 “writes” to address 0000. 

The ENABLE column defines the trigger condition for 
A, B, or C as valid. For the qualifier, it specifies that the 
stored samples must meet the condition shown. For ex- 
ample, the qualifier may be used to store “memory read” 
cycles from a specific address. If the ENABLE bit is a 
zero, all machine cycles will be logged regardless of the 
specified qualifier condition. 

The trigger MODE provides for combining triggers A, 
B, and C. The OR mode logically OR’s triggers A, B, and 
C. The AND mode requires all three triggers to be satis- 
fied. Note that in AND mode all three triggers must be 


enabled. If not, the logical AND condition can never be 
satisfied. The SEQUENTL mode sets up the ordered 
AND condition. Trigger A must be satisfied before the 
hardware checks for trigger B, and trigger B must be met 
before checking for C. Thus an ordered sequence of ma- 
chine cycles can be programmed to trigger storage. Note 
that in SEQUENTL mode triggers (A, B, or C) can be 
disabled (ENABLE=0). 

The SEQIMMED mode sets up the ordered AND 
condition but requires the trigger conditions to be met on 
successive machine cycles. Thus, a target system machine 
cycle meeting trigger A condition must occur followed 
immediately by a trigger B cycle and then aC cycle before 
a valid trigger is produced. This provides for triggering on 
“linked” op-codes. Note also that any of three triggers 
may be disabled. (ENABLE=0). If only two successive 
cycles are used to trigger, the user should set the condi- 
tions into the A, B pair or the B, C pair. If the A, C pair are 
used (B ENABLE=0), a “don’t care” machine cycle must 
occur between the A trigger and the B trigger. 

The ORAND mode logically OR’s trigger A and B. 
This result is then logically AND’ed with C to produce a 
trigger. 

Note that the “count” column (CNT) is valid for all 
trigger modes except SEQIMMED. If programmed in 
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Installation Instructions for 


RCA MicroEmulator 
Logic State Analyzer 


this mode, the counts are ignored. If an invalid count of 
zero is entered, the hardware will force a count of one. 

The logic analyzer can take samples in real time while 
the target system is running. It may be desirable to stop 
the target CPU when the trace buffer is full or has stopped 
logging. The LABREAK function, when enabled, will 
produce a hardware breakpoint whenever state logging 
ceases. 

The ARM function directs the logic analyzer to become 
active. While still armed, the user may not modify the 
trace screen. To doso, you must disarm (ARM=NO). The 
system automatically disarms when the storage is full. 

As mentioned earlier, the qualifier (QUALIF on 
screen) is used to identify the type of machine state to be 
stored. If its enable bit is false (ENA=0), the “don’t care” 
condition prevails and all types of machine cycles will be 
valid for storage. If the enable bit is true, the user can 
specify the states of the relevant CPU signals shown on 
the screen. 

The trigger point (TRIGPT) can be set at START, 
MIDDLE, or END of trace. If specified as start, state 
logging will commence on the cycle following the one that 
satisfied the trigger condition, and continue until 1023 
samples have been stored. Ifset at MIDDLE, logging will 
start immediately (if the Emulator is not in control of the 


target CPU) and end when 512 samples have been stored 
after the trigger condition. Keep in mind that if only 3 
valid samples occurred prior to thetrigger, only 515(512+ 
3) valid samples would be present in the buffer. If the 
trigger point is set at END, logging will start immediately 
and end when the trigger condition is met. 


Timer Description 


The timer uses four triggers (TRIGA through TRIGD) 
to control starting and stopping. Each has the full state 
qualification as with trace and breakpoints. 

Refer to Figure 3. The enable column (ENA) deter- 
mines which of the triggers are in control (l=enabled). 
The type column (TYP) sets the enabled trigger as a timer 
start (0) or stop (1). 

The MODE entry determines how the triggers are to be 
used (if at all). Inthe AUTO mode, the “enabled” triggers 
control timer start/stop. In the Manual mode, the timer 
runs whenever armed and the emulator is not in control. 
Thus, time is accumulated whenever the target system is 
running in real time. The triggers are not used. 

In the WINDOW mode, the timer runs only during the 
Start/stop interval determined by trigger B (start) and 
trigger C (stop). Further, trigger A is used as a “window” 


E T A MM D S$ NQ EEEE DD | WC WM E 

NY ---D RW -A C FFFF MM N TL RA ------- X 

AP R DR T 4321 10 T R P P 76543210 
TRIGA 0 0 XXXX XX XX X X X XXXX XX X XX XK X XXXXXXXX 
TRIGB 0 0 XXXX XX XX X X X XXXX XX X XX X X XXXXXXXX 
TRIGC 0 0 XXXX XX XX X X X XXXX XX X XX X X XXXXXXXX 
TRIGD 0 QO XXXX XX XX X X X XXXX XX X XX X X XXXXXXKX 
MODE AUTO TYPE KEY STATUS 

0 = START RUNNING? NO 
ARM NO 1 = END 
TIME 0.E-6 SEC. 
LOGIC ANALYZER HEX TIMER DISPLAY 

----- F1-------- F2-----F3----F4------F5------ --F6- -------F7--------- F8----- 


CHANGEBASE CLEAR MODE ARM TRIGGERA TRIGGERB TRIGGERC TRIGGERD 


Fig. 3 - Logic Analyzer Hex Timer Display. 
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enable and trigger D as a disable. Thus the window mode 
provides for timing an event within an event. For exam- 
ple, the target CPU can be timed as it executes a subrou- 
tine only called from a specific region of memory. Note 
that in WINDOW mode, the ENA and TYP columns are 
not present. 

The AUTORETRIG and WINDOWRETRIG modes 
behave like the AUTO and WINDOW modes respec- 
tively except that the timer will restart if a valid start 
condition is again met. 

The timer runs on a | megahertz clock and thus has a 
minimum time resolution of plus or minus | microsecond. 
The time display format is in scientific notation with the 
form X.XXXEX seconds. The timer autoranges and 
scales itself by 16 whenever a carry occurs from the lowest 
16 bits of the counter. Thus, it counts from 1 to 65,535 
times | microsecond, then times 16 microseconds, 256, 
etc. Note, however, that the start/stop resolution is still | 
microsecond. 


Breakpoint Extension Mode 


The BPEXTEND mode expands the standard four 
programmable breaks (BPO through BP3) to eight by 
adding the logic analyzer triggers and qualifier to the 
breakpoint screen. Since the triggers are dedicated in this 


E C A MM D § 

N N ---D RW -A C 

A T R DR T 
BPO 0 XXXX XX XX _~= X 
BP1 0 XXXX XX XX X 
BP2 0 XXXX XX XX = X 
BP3 0 XXXX XX XX X 
BP4 O 1 XXXX XX XX X 
BP5 O 1 XXXX XX XX xX 
BP6 O 1 XXXX XX XX X 
BP7 0 XXXX XX XX xX 
EXTRNL 0 BREAKOUT 0 


x KKK KK KK 


CMOS Microprocessors, Memories and Peripherals 


fashion, tracing states or timing cannot be performed 
while in this mode. 

The combinational features of the logic analyzer 
triggers (OR, AND, SEQUENTL, etc.) are available for 
use as breakpoints. The MODE display on the screen 
(refer to Figure 4) shows the logical combination of all 
eight breakpoints. 

To select the BPEXTEND function, press the appro- 
priate function key after pressing MODELA. 

Unlike timer or trace operation, the breakpoint exten- 
sion screen cannot be accessed while the target system is 
running. If attempted, the error message “BPEXTEND 
INVALID WHILE RUNNING?” will be generated. This 
is due to the fact that breakpoints 0-3 are available on this 
screen, and these are incapable of being configured while 
the target CPU is running. 


Displaying Trace Data 


Data in the trace buffer may be examined by pressing 
the DATALA function key. If the logic analyzer is in the 
BPEXTEND or TIMER mode, the error message “NOT 
IN TRACE MODE?” will be generated if an attempt is 
made to examine trace data. If still armed, the error 
message “ARMED” will appear. Also, if the logic ana- 


Q EEEE DD !I WC WM E 
FFFF MM N TL RA ~------- X 
4321 iO T R P P_ 76543210 

X XXXX  XMXX X%W% XX XK KX XXXXXXXX 

X XXXX  XWXX XW XX XK XK XXXXXXXX 

X XXXX XX X XX X XK XXXXXXXX 

X XXXX XX WK XX X XK XXXXXXXX 

X  XXXX XX Mh XX X X XXXXXXXX 

X XXXX XX X XX X X XXXXXXXX 

X  XXXX XX X XX X X XXXXXXXX 

X  XXXX XX MX XX X X XXXXXXXX 

MODE 0+1+2+3+4+5+6+7 


LOGIC ANALYZER HEX BREAKPOINT EXTENSION DISPLAY GROUP O ACTIVE 


CHANGEBASE CLEAR MODE 


iFeietalet chez = FQ~-----F3-------"F4 


pices. ae aie alesis F6----F7-- -8--- 
EXTERNAL 


BREAKOUT BPO BP1 ETC 


Fig. 4 - Logic Analyzer Hex Breakpoint Extension Display. 
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lyzer trigger condition had not been satisfied, a “NOT 
TRIGGERED” error message will appear. As with all 
other error messages, the RUBOUT key restores 
order. 


Refer to Figure 5. The storage address (STA column) 
identifies where samples are located in the buffer in 
relation to the trigger event. Negative addresses 
represent pre-trigger sample data while positive 
addresses are post-trigger data. The PREV PAGE, 


PREV LINE, NEXT PAGE and NEXT LINE key 
permits the user to rove through sample data. 


The DUMPLA function key empties all valid buffer 
data non-destructively to the RS232 port for hard- 
copy purposes. The screen headings are printed 
followed by valid trace data. Each line is separated by a 
carriage return and line feed. 


The user may copy the screen data (heading plus 20 
lines) to the RS232 port by typing CTRL P. 


S A D M Ss 

T D A N Cc 
222A aieR op Beeeeee 8 6 Seebece D 
-0010 B539 FF EXECUTE 
-0009 0005 30 BR FETCH 
-0008 0006 00 EXECUTE 
-0007 0000 11 INC R1 FETCH 
-0006 F2FE FF EXECUTE 
-0005 0001 12 INC R2 FETCH 
-0004 F2FE FF EXECUTE 
-0003 0002 13 INC R3 FETCH 
-0002 F2FA FF EXECUTE 
-0001 0003 14 INC R4 FETCH 
+0001 B53D FF EXECUTE 
+0002 0004 15 INC R5 FETCH 
+0003 B53A FF EXECUTE 
+0004 0005 30 BR FETCH 
+0005 0006 00 EXECUTE 
+0006 0000 11 INC R1 FETCH 
+0007 F2FF FF EXECUTE 
+0008 0001 12 INC R2 FETCH 
+0009 F2FF FF EXECUTE 
+0010 0002 13 INC R3 FETCH 


Fig. 5 - Logic Analzyer Trace Data. 
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Fig. 6 - Layout Diagram of RCA MicroEmulator Logic State Analyzer MSE3300. 


C1=10pF,+10%,200V 
C2=39pF,+10%,200V 
C3-C7,C9-C58,C61-C63=0.uF,+20%,50V 
C8,C59, C60=0.15uF,+20%,25V 
R1=10Meg,'4W,5% 
R2-R7,R9,R10=2K,“4W,5% 
N1,N2=Resistive Network 2K,10-pin 
N5,N6=Resistive Network 10K,10-pin 
N3,N4,N7,N8=Resistive Network 10K,6-pin 
Y1=Crystal,4.000MHz 
U1,U124=74HC10 
U2,U19,U20=74LS00 

U3=7453 

U4=74LS20 
U5,U36,U37,U44-U52=74LS74 
U6=74S32 

U8,U41=74HCO02 

U9=74LS157 

U10=74LS151 
U21,U42,U122,U137,U111=74HC04 
U12-U16,U28-U32=74LS191 
U17,U91A=74HC27 


Parts List 


U18=74H62 
U22,U27,U38-U40=74LS54 
U23=74LS175 

U24,U109=74HCO00 
U25,U26,U43,U108,U7=74HC74 
U33-U35,U66-U68,U92-U94=74LS169 
U11=74LS04 

U53,U60=74HC374 
U55,U54,U58,U59=74HC273 
U61,U95-U107=74HC245 
U57,U62,U65=74LS244 
U56,U112,U113,U115,U116,U118-U121,U0139-U148=74HC244 
U63,U64=74LS374 

U69,U70=74HC08 
U71,U72,U123=74HC138 
U73,U74,U75=74HC157 
U76-U91=0692235 

U110=74HC32 

U114,U117=74HC139 
U125,U128,U131,U134=74HC30 
U126,U127,U129,U130,U132,U133,U135,U136=2473399 
U138,U149-U156=74HC373 
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Fig. 7 - RCA MicroEmulator Logic State Analyzer MSE3300 Logic Diagram - 
Interface Logic. 
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Fig. 8 - RCA MicroEmulator Logic State Analyzer MSE3300 Logic Diagram - 
Control Logic. 
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Fig. 9- RCA MicroEmulator Logic State Analyzer MSE3300 Logic Diagram - 
Trace Memory. 
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Fig. 10 - RCA MicroEmulator Logic State Analyzer MSE3300 Logic Diagram - 
Trigger Memory Bank 0. 
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Fig. 11 — RCA MicroEmulator Logic State Analyzer MSE3300 Logic Diagram - 
Trigger Memory Bank 1. 
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Fig. 12 — RCA MicroEmulator Logic State Analyzer MSE3300 Logic Diagram - 
Trigger Memory Bank 2. 
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Fig. 13 — RCA MicroEmulator Logic State Analyzer MSE3300 Logic Diagram - 
Trigger Memory Bank 3. 
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Fig. 14 — RCA MicroEmulator Logic State Analyzer MSE3300 Logic Diagram - 
Timer Control Logic. 
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Fig. 15 — RCA MicroEmulator Logic State Analyzer MSE3300 Logic Diagram - 
Timer Logic. 
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Software License Agreement 


Before high-level-language software products sold by RCA can be shipped, 
the customer must return a completed System Software License Agreement to 
Microsystems Marketing. 


When acustomer orders a high-level-language software package, the following 
general procedure is followed: 


1. Customer places order for a high-level language. 


2. RCA ships a package containing a License Agreement, manuals, and a 
letter of explanation. 


3. Upon receipt of the License Agreement, the customer completes the 
Agreement, with appropriate signature, and returns by mail directly to: 


RCA Solid State Division 

Route 202 

Somerville, N.J. 08876 

Attention: Microsystems Marketing 


4. Upon receipt of an executed Agreement, RCA will mail a diskette copy of 
the software package ordered directly to the customer. 


When the urgency of the situation warrants, a customer may request a blank 
License Agreement in advance of ordering, so that the customer can provide a 
signed Agreement to RCA at the time of ordering. 
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COSMAC Microprocessor 
Fixed-Point Binary Arithmetic Subroutines 


MicroDisk CDP18S826V4 
Diskette CDP18S826 


The Binary Arithmetic Subroutine Package is a set 
of 16-bit 2’s-complement fixed-point arithmetic sub- 
routines designed to be operated on COSMAC CDP- 
1802/1805 Microprocessor systems. The subroutines 
are coded in Level I assembly language and require | 
kilobyte of memory space. A detailed description of 
these subroutines is given in the Manual Fixed-Point 
Binary Arithmetic Subroutines for RCA COSMAC 
Microprocessors, MPM-206A. 


The subroutines are available on microdisk, floppy 
diskette, cassette, and ROM. In source language, they 
are available on microdisk CDP18S826V4 for use with 
the RCA MicroDisk Development System MS2000, 
and on floppy diskette CDP18S826 for use with the 
CDP18S005, CDP18S007, and CDP18S008 Develop- 
ment Systems. The subroutines are also available on a 
magnetic-tape cassette, CDP18S826V2, for a TI Silent 
700 Data Terminal*. In object code, the package is 
available in a single 1-kilobyte ROM, CDPR582CD (4- 
to 6.5-volt operation) or CDPR582D (4- to 10.5-volt 
operation). In addition to the binary arithmetic subrou- 
tines, the ROM contains the code for the Standard Call 
and Return Technique. The ROM contains its own 
address latch and is located in memory at hexadecimal 
locations C000 through C3FF. 


Functions 


The Binary Arithmetic Subroutine Package includes 
31 subroutines. Fifteen of these are binary arithmetic 
subroutines, fourteen are utility subroutines, and two 
are for format conversion. Appropriate selections from 
the set of subroutines may be made for the calculations 
required in a specific application. 


Arithmetic Functions. The arithmetic functions in- 
cluded in this package are: 
1. 16-bit 2’s-complement addition 
2. 16-bit 2’s-complement subtraction 
3. 16-bit 2’s complement multiplication yielding 
32-bit products 
4, 32-bit 2’s-complement division yielding 16-bit 
quotient and remainder 


Format Conversion. In addition to the arithmetic 
functions, two format-conversion subroutines are 
included for interfacing the system to binary-coded- 
decimal-oriented peripheral hardware. These sub- 
routines provide BCD-to-binary and binary-to-BCD 
conversions, 


Cassette CDP18S826V2 
ROM CDPR582 


Utility Subroutines. A set of special utility subroutines 
allows the user to save and restore a group of registers 
on a stack or at a user-defined RAM area. These 
registers are used by the arithmetic function subroutines 
to store an operand and to point to an operand in 
memory. Other utility subroutines compare 16-bit 
operands and give indication if a register is greater than 
or equal to an operand. 


The Standard Call and Return Technique, described 
in the User Manual for the CDP1802 COSMAC Micro- 
processor, MPM-201, is used for all the subroutines. 


Timing 

Timing measurements at a 6.4-MHz clock rate for 
the best and worst cases of the various arithmetic and 
format conversion subroutines for the CDP1802 are 
given in the tabulations at the right. These times were 
determined by taking an ad hoc sample of large and 
small numbers and performing an operation upon them. 


Absolute best and worst case values may vary from the 
values listed here. 


Arithmetic Best Worst Format Best Worst 
Function (ms) (ms) Conversion (ms) (ms) 
Add 0.041 0.068 Binaryto BCD 1.33 2.82 
Subtract 0.039 0.078 
Multiply 0.851 1.29 BCDtoBinary 0.094 0.81 
Divide 1.37 1.78 


Literature 


Further information on the Fixed-Point Binary 
Arithmetic subroutines, including a complete listing for 
all the subroutines, is given in the Manual Fixed-Point 
Binary Arithmetic Subroutines for RCA COSMAC 
Microprocessors. MPM-206A. General information on 
the RCA 1800 microprocessor series, including soft- 
ware, programming techniques, and architecture, is 
given in the User Manual for the CDP1802 COSMAC 
Microprocesor, MPM-201. 


Another arithmetic software package is described in 
Product Description PD7 for the COSMAC Floating- 
Point Arithmetic Subroutine Diskette CDP18S827. 
Additional information on the Floating-Point Package 
is given in the Manual Floating-Point Arithmetic Sub- 
routines for RCA COSMAC Microprocessors. 
MPM-207. 


*Registered trademark, Texas Instruments Corporation. 
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COSMAC Floating-Point 
Arithmetic Subroutine Package 


The COSMAC Floating-Point Arithmetic Subroutine 
package CDP18S827 is a set of 32-bit arithmetic sub- 
routines designed to be operated on COSMAC CDP1802 
Microprocessor Systems including the COSMAC Devel- 
opment Systems. The subroutines are coded in Level I 
assembly language and require approximately 2 kilobytes 
of memory space. The floating-point binary number is 
represented by eight exponent bits and 24 mantissa bits. 
The most significant bit of each indicates the sign. The 
range of decimal numbers that can be represented by the 32 
bits is 0.294 x 10°* < FPN < 1.7014 x 10°. 


A detailed description of these subroutines is given in 
the Manual Floating-Point Arithmetic Subroutines for 
RCA COSMAC Microprocessors, MPM-207. The subrou- 
tines are available in source language on microdisk 
CDP188827V4, floppy diskette CDP18S827, and cassette 
CDP18S827V2. The subroutines can be used with the 
CDP18S004, CDP18S005, CDP18S007, CDP18S008, and 
MS2000 development systems. 


Functions 


The Floating-Point Arithmetic Subroutine Package CDP- 
188827 includes 18 subroutines. Ten are arithmetic 
subroutines, six are utility subroutines, and two are for 
format conversion. Appropriate selections from the set of 
subroutines may be made for the calculations required in a 
specific application. 


Floating-Point Arithmetic Subroutines. The arithmetic 
functions included in this floating-point arithmetic package 
are: 


. 32-bit addition 
. 32-bit subtraction 
. 32-bit multiplication yielding 32-bit products 
32-bit division yielding 32-bit quotient 
. Transcendental function: sine 
Transcendental function: cosine 
. Transcendental function: arctan 
. Natural log 
ex 
10. Square root 


Utility Subroutines. A set of special utility subroutines 
allows the user to save and restore a group of registers on a 
stack. These registers are used by the arithmetic function 
subroutines to store an operand. Other utility subroutines 
allow constants to be pushed onto the stack. 


Format Conversion Subroutines. Two format-conversion 
subroutines are included for interfacing the system to binary- 
coded-decimal-oriented peripheral hardware. These sub- 
routines provide BCD-to-floating-point and floating-point-to- 
BCD conversions. 


The Standard Call and Return Technique described in the 
User Manual for the CDP1802 COSMAC Microprocessor, 
MPM-201, can be used for all the subroutines. 


1] a 
Timing 

Timing measurements at a 6.4-MHz clock rate for the 
best and worst cases of the various arithmetic and format 
conversion subroutines for the CDP!802 are given in the 


tabulation below. The timing, however, can be rescaled by a 
change in the system clock rate. 


Arithmetic Best Worst Format Best Worst 
Function (ms) (ms) Conversion (ms) (ms) 
Add 0.53 7.8 Floating- 

Subtract 0.81 8.1 Point-BCD 2.3 75 
Multiply 43.8 47.5 BCD-Floating- 

Divide 30 32.5 Point 7.5 160( 
Sine 113 116 

Cosine 102 113 

Arctan 85.9 109 

Natural log 78.1 188 

eX 71.9 125 

Square root 155 312 


Literature 


Further information on the Floating-Point Arithmetic 
Subroutine Package CDP18S827, including data storage 
convention and register allocation, is provided in the Manual 
Floating-Point Arithmetic Subroutines for RCA COSMAC 
Microprocessors MPM-207. General information on the 
RCA1800 microprocessor series, including software, pro- 
gramming techniques, and architecture, is given in the User 
Manual for the CDP1802 COSMAC Microprocessor MPM- 
201. Another software package encompassing 16-bit 2’s- 
complement arithmetic is described in the manual Binary 
Arithmetic Subroutines for RCA COSMAC Microprocessors, 
MPM-206. 
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BASIC1 High-Level Language 


Compiler/Interpreter 


The BASIC1 Compiler/Interpreter, provided on a 
diskette, is a high-level language software package de- 
signed to simplify program development on the COS- 
MAC DOS Develoment System (CDS III) CDP18S007, 
COSMAC Developoment System IV CDP18S008, and 
MicroDisk Development System MS2000. An excellent 
language for the beginner, BASICI is easily learned 
and facilitates the rapid development of elementary 
application programs. A feature of BASIC1 is that it 
can form the core of a system whose facilities, limited 
only by the system memory, may be extended indefinitely 
by the addition of machine language routines. 

The Compiler/Interpreter gives the user the option of 
(1) developing and running programs in BASIC] directly, 
or (2) converting these programs to executable object 
code capable of running at a greater speed. 

The interpreter allows the user to write programs in 
BASIC! with line numbers for later execution or without 
line numbers for immediate execution. The disk-related 
statements incorporated in the interpreter allow the 
programmer to save programs on a floppy disk for later 
recall. 

The compiler enables the programmer to take any 
stored program written in BASIC! and translate it into 
assembly language, giving the user the flexibility of 
specifying where in memory the program, variables, and 
stack are to reside. The output of the compiler is 
assembled by the COSMAC assembler (ASM8) to 
produce the executable object code. Programs compiled 
and assembled run at speeds much greater than those run 
directly through the interpreter. 


Features 


The BASIC! Compiler/ Interpreter can handle lines of 
up to 77 characters in length. Line numbers can range 
from 1 to 32767. Multiple statements per line are 
accepted. Numbers can be entered in decimal (—32767 to 
+32767) or hexadecimal (#0000 to #F FFF). Variables are 
designated by any single capital letter. 

BASIC! performs fixed-point arithmetic. Expressions 
are composed of one or more numbers, variables, and/or 
functions joined together by operators (+, —, /,*, @) and 
possibly grouped by parentheses. Expressions are 
evaluated modulo 2°. 

The functions BASICI has in its repertoire include 
MOD, AND, OR, XOR, MAX, MIN, SGN, ABS, HEX, 
RND, INP and USR. The USR function is important in 
that it allows the user to extend the features of BASIC1 by 


means of machine language subroutines and allows for 
the exchange of data between the assembly language 
subroutines and the BASIC! program. BASIC! also 
allows direct CDP1802 input and output port control 
within the language itself. This control is accomplished by 
the INP (port) function and the OUTPUT (port) 
statement. 
The types of statements available to the programmer 
include the following: 
Comments and Declarations: REM, ! 
Assignment: LET 
Control: GOTO, GOSUB, RETURN, END 
Conditional: IF 
Input/Output: INPUT, PRINT, OUTPUT, 
Disk Related: WFLN, RFLN, DOUT, DIN, 
CLOSE, WEOF, TIN, TOUT, 
NOUT 
System Control: NEW, RUN, LIST, RDOS 


Loading and Operating BASIC1 

Loading and operating BASIC! on a COSMAC 
Development System is a simple procedure. To load 
the interpreter, the user places the disk in one of the 
disk drives and types BASICI.INT:X where X is the 
drive (0 or 1) the disk has been placed in. This com- 
mand loads the interpreter. The program initializes 
itself and then delivers its colon prompt “:” to indicate 
it is now in the enter mode and the user can begin 
entering a BASIC! program. 

To load the compiler, the user places the disk in one of 
the disk drives and types BASIC1.CMP:X, where X is the 
drive (0 or 1) the disk has been placed in. This command 
loads the compiler and beings execution. The compiler 
then issues its normal user prompts. 


Error Messages and Program 
Debugging 


Whenever the BASIC! interpreter detects an error ina 
statement, it generates an error message consisting of an 
exclamation point “!” followed by a decimal number. The 
number signifies the type of error. If an error is detected 
during program execution, the line number of the 
offending statement is also given. BASIC! lends itself to 
the use of dummy stop or print statements to reveal 
whether the flow within the program is proper or to 
permit the examination of variables at convenient points 
during program execution. 
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Literature 


Further information on BASIC1 Compiler/ Interpreter 
is given in the Manual Use of BASIC1 
Compiler/Interpreter CDP18S834 with the RCA 
COSMAC DOS Development System (CDS III), MPM- 
234. 

Information on the RCA COSMAC DOS 
Development System CDP18S007V1 and V3 is given in 
the manuals Operator Manual for the RCA COSMAC 
DOS Development System (CDS III) CDP18S007, 
MPM-232, and in the Hardware Reference Manual for 
the RCA COSMAC DOS Development System (CDS 
Ill) CDP188007, MPM-233. 

Information on the RCA COSMAC Development 
System IV CDP18S008 is given in the manuals Operator 
Manual for the RCA COSMAC Development System IV 
CDP18S008, MPM-235, and in the Hardware Reference 
Manual for the RCA COSMAC Development System IV 
CDP18S008, MPM-236. 

Information on the RCA MicroDisk Development 
System MS2000 is given in the manual User Manual for 
the RCA MicroDisk Development System MS2000, 
MPM-241, and in the data sheets for the Microboards 
which make up the system. 


General information on the RCA 1800 Microprocessor 
Series, including software, programming techniques, and 
architecture, is given in the User Manual for the 
CDP1802 COSMAC Microprocessor, MPM-201. 

Binary arithmetic software packages on disk are also 
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available for use on the COSMAC Development 
Systems. The COSMAC Microprocessor Fixed-Point 
Binary Arithmetic Subroutines (CDP18S826) are 
described in Product Description PD6 and the COSMAC 
Microprocessor Floating-Point Arithmetic Subroutines 
(CDP 188827) are described in Product Description PD7. 
Additional information on these arithmetic diskettes is 
given in the manuals Fixed-Point Binary Arithmetic 
Subroutines for RCA COSMAC Microprocessors, 
MPM-206, and in Floating-Point Arithmetic 
Subroutines for RCA COSMAC Microprocessors, 
MPM-207. 


Other languages available for use on COSMAC 
Development Systems include BASIC2 High-Level- 
Language Interpreter CDP18S840, PLM-1800 High- 
Level-Language Compiler CDP18S839, and Micro 
Concurrent Pascal (Cross Compiler CDP18S844 and 
Interpreter/Kernel CDP18S852 and CDP18S853.) 

BASIC2 is described in Product Description PD40. 
Additional information is given in the BASIC2 High- 
Level-Language Interpreter CDP18S840 User Manual, 
MPM-840. 

PLM-1800 is described in Product Description PD39. 
Additional information is given in the User Manual for 
the RCA COSMAC PLM-1800 High-Level-Language 
Compiler, MPM-239. 

MicroConcurrent Pascal is described in Product 
Description PD44. 
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CDP18S835 
VIS Interpreter 


The VIS Interpreter, on microdisk CDP18S835V4, 
floppy diskette CDP18S835, and cassette tape 
CDP18S835V2, is an interpretive language developed 
specifically to support the CDP1869 and CDP1870/ 
CDP1876 Video Interface System (VIS). The interpretive 
commands allow the user to control the VIS to provide 
displays of text, graphics, and motion on a cathode-ray 
tube screen in black and white or color. The Interpreter 
is useful on any system containing the VIS chip set and 
is particularly supportive of the CDP18S661, Micro- 
board Video-Audio-Keyboard Interface. 

The VIS Interpreter is open ended, allowing the user to 
add interpretive commands for special purposes. By use 
of the supplied source, routines that are not required for 
the particular application may be deleted. The source 
routines may also be adapted to the user’s own program 
and are documented to provide a guide to the program- 
ming of the VIS.. The Interpreter as delivered is a 3- 
kilobyte program and requires a minimum of 64 bytes of 
RAM. 

The source file for the VIS Interpreter is provided on 
microdisk compatible with the Micro-Disk Develop- 
ment System MS2000 or floppy diskette compatible 
with the CDP18S008 Development System (CDOS 
Operating System). It is capable of both NTSC and 
PAL operation. The CDP18S835V2 is intended for use 
with the CDP18S694 and CDP18S695 Microboard 
Computer Development Systems. 


Structure 


The VIS Interpreter is based on: 
1. Sixteen general-purpose, eight-bit variables. 
2. An eight-bit accumulator and overflow flag. 
3. A page memory pointer. 
4. A character memory pointer. 
5. A main memory pointer. 
6. A hitflag. 


Variables. The sixteen eight-bit variables are usable for 
general data storage. They are also usable as objects of 
arithmetic and logical operations. This use includes oper- 
ations involving two variables or one variable with the 
accumulator (ACC). The variables are also used to con- 
tain control information for some interpretive instruc- 
tions. Additional data storage may be accomplished by 
the use of instructions that allow direct storage and load 
from memory. Instructions are provided to test the con- 
tent of the variables including comparisons against con- 
stants, ACC, and other variables. 

Accumulator (ACC). A single eight-bit accumulator is 
provided in the interpreter. This accumulator is used as an 
operand and to store the result in arithmetic and logical 
operations. Instructions are provided to display the con- 
tents of the ACC by copying it to the page memory in two 
methods. In the first method, the contents of the ACC are 
placed in the page memory unchanged except the most 
significant bit is set equal to one. In the second method, 
the contents are taken and treated as two hexadecimal 
digits and the two ASCII codes for the digits are placed in 
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page memory. Transfers to and from main memory, the 
variables, and the page memory are supported. 

Overflow Flag. A flag is provided to indicate overflow 
on all arithmetic operations. After addition, the flag is a 
one if a carry occurs and a zero if no carry occurs. After 
subtraction, the flag is a one if no borrow occurs and a 
zero if a borrow occurs. Instructions for testing the value 
of the flag are provided. 

Page Memory Pointer (PMP). The Interpreter refer- 
ences the page memory by means of the page memory 
pointer (PMP). The PMPisa sixteen-bit memory pointer 
into the page memory. The value of the PMP normally 
ranges from FCOOH to FCEFH for half resolution and 
FCOOH to FFBFH for full resolution. (H indicates hex- 
adecimal notation.) The PM Pis initialized to FCOOH and 
the initial home address is zero, which results inthe PMP 
pointing to the upper left screen location. The PMP may 
be directly accessed or loaded by use of interpretive 
instructions, 

Character Memory Pointer (CMP). The Interpreter 
references the character memory by means of the charac- 
ter memory pointer (CMP). The CMP is an eight-bit 
pointer into the character memory. In order to reference a 
given character, the CMP must be loaded with the same 
value that, if stored in page memory, would display the 
character. Instructions are provided for the transfer of the 
CMP to and from the ACC and variables, along with 
increment and decrement instructions. No checks are 
made or limits placed on the value of the CMP, and thus it 
may be used in systems that allow up to 256 characters. 

Main Memory Pointer (MMP). The Interpreter allows 
direct references to memory by means of the main memo- 
ry pointer (MMP). The MMPisasixteen-bit pointer into 
the system memory. Instructions are provided to load, 
save, and decrement its value. All Interpreter instructions 
that involve direct memory reference use the MMP. In- 
structions are provided to store and load the variables, 
ACC, and other pointers by means of the MMP. No 
checks are provided on the value of the MMP. 

Hitflag. The Interpreter provides instructions that 
allow the user to display characters on the screen and to 
move these characters. In order to check for “colliding” 
objects, the interpreter maintains a hitflag. This hitflag is 
set true if any write to page memory or character memory 
is addressed to a non-zero location. The hitflag is cleared 
when an interpreter instruction performs a write to page 
or character memory locations that are zero. Instructions 
are provided to test the hitflag. 

Instructions. The Interpreter is provided with 109 
instructions. 


Literature 


Further information on the VIS Interpreter is provided 
in the manual VIS Interpreter CDP18S835 User Manual, 
MPM-835A. Information on the Video Interface System 
(VIS) CDP1869 and CDP1870/ CDP 1876 is available in 
data sheet file number 1197. 
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PLM-1800 


High-Level-Language Compiler 


The PLM-1800 High-Level Language Compiler 
CDP18S839, provided ona diskette, is a software pack- 
age designed to accelerate program development on the 
MS82000, CDP18S007, and CDP18S008 Development 
Systems. It has features similar to those of many well- 
known high-level languages such as PL/ 1, ALGOL, and 
PASCAL. Use of the PLM language encourages struc- 
tured programming and, hence, provides easy readabil- 
ity and maintenance. Its scoped procedures and control 
structures also support modular programming. 

The PLM Compiler automatically creates code for 
complex conditions and signed sixteen-bit arithmetic 
expressions, and it performs systematic register and 
storage allocations. Because of these features, the 
programmer has more time to concentrate on the 
application requirements. 

The PLM Compiler also supports CDP1802 features. 
It contains built-in functions such as shift operations 
(SHL, SHR, SCL, SCR), data conversions (LOW, 
HIGH), and declaration-based information functions 
(ADDR, LENGTH). Other built-in functions or 
predeclared variables (Q, MEMORY, DMAPTR, 
STACKPTR, EFI, EF2, EF3, EF4, CARRY) allow 
access to CDP1802-based hardware. Data transfers 
through the I/O ports are supported by INPUT and 
OUTPUT. The interrupt mechanism is programmable 
with the INTERRUPT attribute for procedures and the 
ENABLE and DISABLE statements. A built-in 
procedure, TIME, allows time delays based on the 
microprocessor clock. 

Code written in PLM may be integrated with assembly 
code through the Compiler’s in-line-code feature. In 


addition, the Compiler produces CDP1802 assembly 
code that can be combined with other assembly-time 
code. 

PLM operates directly with the COSMAC Develop- 
ment System CDP18S008. When used with a CDP- 
18S007 COSMAC Development System, PLM requires 
60 kilobytes of read-write memory and a data terminal 
or console. The MicroDisk Development System 
MS2000 also requires a terminal. Required software is 
the MicroDOS operating system in the case of the 
MS2000 or the CDOS System Diskette, version 2.2 or 
later (supplied with the CDP18S007 and CDP18S008), 
and the PLM-1800 High-Level-Language Compiler on 
diskette CDP18S839. Documentation is provided with 
the CDOS Development System and with the PLM- 
1800 High-Level-Language Compiler diskette. 


Features of PLM 


The features of the PLM-1800 High-Level-Language 
Compiler CDP18S839 include the following. 


Data Description: 
CONSTANTS - decimal, hexadecimal, octal, binary 
numbers, and strings of characters. 
VARIABLES - two types; may be aggregated into 
arrays or initialized. 
BYTE - 8-bit value 
ADDRESS - 16-bit value; may 
contain the address 
of another variable. 
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CODE 
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Fig. 1 - Block diagram of program development cycle using the PLM Compiler. 
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EXPRESSIONS - permit the following operations: 


arithmetic +, -, *,/, MOD 
logical AND, OR, XOR, NOT 
equality and ordering =, <>, <,>, 
<=, >=, 


Statement Description: 

ASSIGNMENT - allows replacement of variable’s 
value by evaluation of an expres- 
sion; multiple assignments are 
possible in one statement. 

IF..THEN..ELSE - allows execution of a group of 
statements based on a condition. 
IF statements may be nested. 

DO..END - allows execution of a group of 
statements. 

ITERATIVE DO - allows looping based on an 
interative variable whose incre- 
ment is controllable with an 
optional BY clause. 

DO..WHILE - allows looping based on a condi- 
tion. 

PROCEDURE - contains executable instructions 
and local variable declarations. 
Procedures may be recursive if 
declared with REENTRANT 
attribute. Procedures may take 
on function attribute. 

CALL - subroutine invocation. 

GO TO, GOTO - branching capability to labels 

within scope rules of the language. 
Compiler Features: 

In-line assembly code capability 

Output listing controls 

Assembly code output 


Operating with PLM 


After a program is generated in the PLM language, the 
first step for using the Compiler is to place the PLM 
diskette in disk drive 0. The user then invokes compilation 
of the file by typing 

PLM fname.ext:x 
where fname.ext is the user’s file name and x is the drive. 
If errors occur during compilation, they are transmitted 
to the development system terminal device as well as toan 
output file of PLM source code interlisted with CDP1802 
assembly code. Another output file equating assembly 
names and PLM names is also generated by the Compiler. 
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The error messages indicate the nature of the error, the 
number of the line in which the error occurred, and where 
in the line the error was detected. 

A program development cycle using the PLM-1800 
High-Level-Language Compiler is given in Fig. 1. The 
Compiler accepts source code written in the PLM 
language, and generates the equivalent assembly code 
that can subsequently be assembled into CDP1802 
executable code. 


Sample Program 


A sample program using PLM is given in Fig. 2. This 
program will sort an array by means of a method called 
“bubblesort.” 


DO; 
/*THIS IS A BUBBLESORT PROGRAM*/ 
DECLARE A(10) ADDRESS INITIAL 
(33, 10,99,60, 162,3,3,272,98,2); 
DECLARE (I, SWITCHED,J) BYTE, TEMP ADDRESS; 
SWITCHED = 1; 
DO WHILE SWITCHED = 1; 
SWITCHED = 0; 


DO!|!=1TO9Q; 
=!1+1; 
IF A(l) > A(J) THEN 
DO; 
SWITCHED = 1; 
TEMP = Ail); 
A(l) = A(J); 
A(J) = TEMP; 
END; 
END; 
END;/*OF WHILE*/ 
END; 


/*NOW COMPLETED SCAN WITHOUT SWITCHING*/ 
EOF 


Fig. 2- PLM “bubblesort” program. 


Literature 


Further information on the PLM-1800 High-Level- 
Language Compiler CDP18S839 is given in the User 
Manual for the RCA COSMAC PLM-1800 High-Level- 
Language Compiler, MPM-239. 

Information on the MicroDisk Development System 
MS2000 can be found in the User Manual for the RCA 
MicroDisk Development System MS2000, MPM-241. 

Information on the RCA COSMAC Development 
System IV CDP1I8S008V1I, CDP18S008V3, CDP- 
18S008V5, and CDP18S008V7 is given in two manuals 
Operator Manual for the RCA COSMAC Development 
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System IV CDP18S008, MPM-235, and Hardware 
Reference Manual for the RCA COSMAC Development 
System IV CDP18S008, MPM-236. 


Information on the RCA COSMAC DOS Develop-_ 


ment System CDP18S007V1 and CDP18S007V3 is given 
in the two manuals Operator Manual for the RCA 
COSMAC DOS Development System (CDS III) 
CDP18S007, MPM-232, and Hardware Reference 
Manual for the RCA COSMAC DOS Development 
System (CDS III) CDP18S007, MPM-233. 

General information on the RCA 1800 Microprocessor 
Series, including software, programming techniques, and 
architecture, is given in the User Manual for the 
CDP1802 COSMAC Microprocessor, MPM-201. 

Binary arithmetic software packages on disk are also 
available for use on the RCA Development Systems. 


The COSMAC Microprocessor Fixed-Point Binary 
Arithmetic Subroutines (CDP18S826) are described in 
Product Description PD-6, and the COSMAC Micro- 
processor Floating-Point Arithmetic Subroutines 
(CDP18S827) are described in Product Description PD- 
7. Additional information on these arithmetic diskettes 
is given in the manuals Fixed-Point Binary Arithmetic 
Subroutines for RCA COSMAC Microprocessors, 
MPM-206 and Floating-Point Arithmetic Subroutines 
for RCA COSMAC Microprocessors, MPM-207. 

Two application notes are available for PLM. They are 
ICAN-6928 “Interfacing PLM Code to CDOS System 
Functions” and ICAN-6918 “A Methodology for 
Programming COSMAC 1802 Applications Using 
Higher-Level Languages.” 
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High-Level Language Interpreter 


The BASIC2 Interpreter CDP18S840 is a high-level- 
language software package on diskette designed to 
simplify program development on COSMAC Develop- 
ment System IV (CDPI8S008V1 and V3) and the 
MicroDisk Development System MS2000. With addi- 
tional RAM it may also be used with COSMAC DOS 
Development System III (CDP1I8S007V1 and V3). 
BASIC2 is a high-level interactive language that is easily 
learned and readily used by beginning programmers. 
BASIC3, a tape-based counterpart to BASIC2, is pro- 
vided with the Microboard Computer Development 
System MCDS (CDP18S693 and CDP18S694). 

A special Run-time BASIC, the CDP18S842, is avail- 
able on ROM for use in custom applications not 
requiring disk I/O. With Run-time BASIC the user 
obtains a 4-kilobyte savings in the memory required. 
Run-time BASIC provides an excellent way to generate 
software quickly in a high-level language for use in any 
Microboard system. The system can be configured to 
suite the application. The software for the application is 
generated by the user in a development system (Micro- 
Disk MS2000, COSMAC Development System III or 
IV using BASIC2, or the Microboard Computer Devel- 
opment System MCDS using BASIC3) and installed in 
memory (RAM or ROM). Then with Run-time BASIC in 
the system, execution of the user program can begin 
immediately. 

BASIC2 provides full access to the CDP1802 I/O 
constructs including two-level I/O, interrupt, DMA, 
external flags, and the Q-output. It allows calls to user 
machine-language routines and provides I/ Oinstructions 
for any added Microboards. 


Description 


The BASIC2 Interpreter features over seventy state- 
ments and functions including both transcendental and 
string functions. It provides both immediate and program 
modes of operation. It features one- or two-dimensional 
numerical arrays up to a maximum size of 255 x 255 and 
one-dimensional string arrays up to 255. It has direct 
memory access capability and can handle two-level input 
and output statements. For programming ease, it also has 
line-editing capability. 

The statements and functions available on BASIC2 are 
shown in Table 1. 


Arithmetic Capabilities 


BASIC2 is capable of handling both integer and 
floating-point numbers. Both types are stored as 32-bit 
signed numbers. In the case of floating-point numbers, 


Features 


Floating-Point and Integer Numbers 

Line-Editing Capability 

More than 70 Statements and Functions 

One- or Two-Dimensional Numerical Arrays 

Disk I/O 

Trace Function for Debugging 

Memory-Saving ROM Version for Turnkey 
Applications 

e Uses CDP1802 Microprocessor Constructs 


Enhanced Features Using CDP1802 Special Capabilities 


e DMA Capability 

© Two-Level Input/Output Capability 

e BASIC Statements to Enable and Disable Interrupts 

e Vectored Interrupts and Interrupt-Handling Routines 
in BASIC 

e Flag and Q Status Commands 

e Set Q Statement 

@ Machine Language Subroutines 

e Easy Multi-Station Operation 


eight bits define the exponents and 24 bits the mantissa. 
The range of numbers is: 


Integer: -2147483648 to +2147483647 
Floating point: -.17E38 to +.17E38 


Integer numbers are accurate over the entire range, but 
floating-point numbers are accurate to approximately six 
mantissa digits, although up to nine digits are allowed on 
data entry. Two- or four-digit hexadecimal numbers can 
also be entered directly. 


Memory Requirements 


BASIC2 requires a development system that is equipped 
with the COSMAC Disk Operating System (CDOS or 
MicroDOS) and with an additional 16 kilobytes of 
memory for the BASIC2 Interpreter. The interpreter is 
loaded into the 16-kilobyte block of memory that is above 
the block used by CDOS; that is, COOOH through FFFFH 
(H indicates hexadecimal notation). The memory can be 
either RAM or ROM. The interpreter requires additional 
RAM in low memory beginning at O000H. The amount of 
RAM available in low memory controls the size of the 
programs that may be written. The locations 0000H 
through 040FH are used as work space by the interpreter. 
When the system is first initialized, the interpreter begins a 
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Table | - Statements and Functions 


BYE ENINT 
CLD EOD 
CLS EOP 
DISINT FORMAT 
EDIT LIST 


NEW 

MEM 
RENUMBER 
RUN 
TRACE 


Comment and Definition 


DEFINT DIM 
DEFUS FIXED 
DEG LET 


GOSUB 
GOTO 


RETURN 
WAIT 


Program Data 


DATA READ 


INPUT 
PRINT 


TIN 
TOUT 


DOUT 
DSAVE 
PLOAD 


RESTORE 


PSAVE 
RFLN 
WFLN 
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search of memory from 7FFFH downward for RAM 
and establishes a stack at the top of the last page. The user 
program and program-generated data are located between 
the work space and the stack. The map of memory is shown 
in Fig. 1. 


Hexadecimal 
Address 


0000 
WORK SPACE 
O40F 


0410 


USER PROGRAM 
webs ae DATA 


UTILITIES 


BASIC2 
INTERPRETER 


AVAILABLE TO USER 


Fig. 1 - Memory Allocations 


Creating and Editing Programs 


BASIC2 programs can be created and edited by either of 
two methods. One is by use of the BASIC2 Interpreter; the 
other is by use of the CDOS or MicroDOS editor. 


762 
CDP18S840 


When the interpreter is used, a program is created by 
the writing of one or more statements, separated by a 
colon, ona line and assigning the line a number. While the 
interpreter is being used, the lines of code can be easily 
modified by use of the EDIT command statement. The 
BASIC2 interpreter allows the lines to be entered in any 
order, but for execution it will automatically rearrange 
them in numerical sequence. For example, line 10 may be 
entered before line 5, but in execution line 5 will be 
executed first. This facility enables the programmer to 
leave unused numbers between lines so that additional 
lines can be inserted at a later time. The interpreter always 
executes the lines in numerical order starting with the 
lowest line number, thus providing one method of editing 
a program. 

The second method of creating and entering programs is 
by use of the CDOS or MicroDOS editor. This method is 
described in detail in the manuals for the CDP18S007, 
CDP18S008, and MS2000 Development Systems. 


Error Messages and Program 
Debugging 


Whenever the BASIC2 interpreter detects an error ina 
statement, it generates an error message consisting of 
ERR CODE and a two-digit decimal number followed by 
the message READY and the: prompt symbol. A listing 
of the error numbers and their corresponding meanings is 
provided in the BASIC2 instruction manual. If the error 
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is detected during program execution, the error code is 
followed by the words AT LINE followed by the line 
number of the offending statement. 

The TRACE command statement is a useful tool for 
debugging because it allows the user to follow the flow of 
the program. 


Literature 


Further information on the BASIC2 Interpreter and on 
Run-Time BASIC is given in the Manual BASIC2 High- 
Level-Language Interpreter CDP18S840 User Manual, 
MPM-840A. 

Information onthe RCA COSMAC DOS Development 
System CDP18S007V1 and V3 is given in the Operator 
Manual for the RCA COSMAC DOS Development 
System (CDS III) CDP18S007, MPM-232, and in the 
Hardware Reference Manual for the RCA COSMAC 
DOS Development System (CDS III) CDP18S007, 
MPM-233. 

Information on the RCA COSMAC Development 
System 1V CDP1I8S008V1 and V3 is given inthe Operator 
Manual for the RCA COSMAC Development System IV 
CDP18S008, MPM-235, and in the Hardware Reference 
Manual for the RCA COSMAC Development System IV 
CDP18S008, MPM-236. 

Information on the MicroDisk Development System 
MS2000 can be obtained in the User Manual for the RCA 
MicroDisk Development System MS2000, MPM-241. 
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High-Level Language Interpreter 


Run-time Basic CDP18S842 is a variant of BASIC2 
CDP 18S840 and of BASIC3 CDP 18S841. It is available in 
six EPROMs and is especially suited for custom Micro- 
board applications not requiring disk 1/O. Run-time 
BASIC provides an excellent way to generate software 
quickly in a high-level language for use in any Microboard 
system. The system can be configured to suit the applica- 
tion. The software for the application is generated by the 
user in a development system (MicroDisk MS2000, 
COSMAC Development System III or IV using BASIC2, 
or the Microboard Computer Development Systems 
MCDS using BASIC3) and installed in memory, RAM or 
ROM. Then, with Run-time BASIC in the system, execu- 
tion of the user program can begin immediately. 

The primary difference between BASIC2 or BASIC3 
and Run-time BASIC, other than that there is no pro- 
gram input mode for Run-time BASIC, is that the latter 
cannot execute PLOAD or PSAVE. See Table I for a list 
of statements and functions available on Run-time 
BASIC. The statements CLOSE, DLOAD, DSAVE, 
WELN, RFLN, DIN, and DOUT in Run-time BASIC 
apply toa tape I/O system such as the Microboard Com- 
puter Development System MCDS CDP18S693 or CDP- 
188694. The CDP18S652 Combination Memory and 
Tape I/O Control Microboard is required for tape 1/O 
with Run-time BASIC. 


Memory Requirements 


The Run-time BASIC Interpreter is located in memory 
from 0000H to 2FFFH (H denotes hexadecimal notation) 
as shown in Fig. |. The Interpreter starts execution of a 
user program at 3000H in ROM and generates data in 
RAM at 9000H. There must be at least | kilobyte of RAM 
available at 9000H for the Interpreter to run. The work 
pages for Run-time BASIC are at 9000H and 9100H. Any 
references to the work pages in the user program should 
be to these addresses and not to the ones for BASIC2 or 
BASIC3. 


Using Run-time BASIC 


To generate a Run-time BASIC program from a 
een or BASIC3 program, proceed as follows.-: 
Save the BASIC program on tape or disk in ASCII. 
, Determine the RAM requirements for the program. 
3. Make a ROM or EPROM containing the program for 
use with the Run-time Interpreter. 


Detailed information on the development of a Run-time 
Basic program on the Development Systems is given in the 
BASIC2 High-Level-Language Interpreter CDP18S840 
User Manual, MPM-840A. Information on the develop- 
ment of a Run-time BASIC program on the CDP18S693, 
CDP18S694, or CDP18S695 series of Microboard Com- 
puter Development Systems (MCDS) is given in the 
BASIC3 High-Level Language Interpreter User Manual, 
MPM-841A. 


Table | - Statements and Functions available 
in Run-time BASIC. 


Command 
CLD ENINT 
CLS FORMAT 
DISINT 
Comment and Definition 
DEFINT FIXED REM 
DEG LET 
DIM RAD 
Control 
END GOSUB NEXT 
EXIT GOTO RETURN 
FOR IF WAIT 
Program Data 
ATA READ RESTORE 
1/O 
DMAPT OUT QST 
EF PEEK STQ 
INP POKE TIN 
INPUT PRINT TOUT 
Tape 
CLOSE DOUT WFLN 
DIN DSAVE 
DLOAD RFLN 
Machine Language Subroutine 
CALL USR 
Arithmetic 
ABS INT RND 
ATN INUM SGN 
COS LOG SIN 
EXP MOD SQR 
FNUM Pl 
String 
ASC FVAL MID$ 
CHR$ LEN 
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HEXADECIMAL 


ADDRESS 
0006 
INTERPRETER 
2FFF 
3000 


USER PROGRAM 


7FFF 
8000 
USER PROGRAM 
OR 
UTILITY 
8FFF 
9000 
GENERATED DATA 
VARIABLES 
STRINGS & ARRAYS 


FFFF 92CS-34606 


Fig. 1 - Typical memory configuration for 
Run-time BASIC. 
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Assembler/Editor Upgrade Firmware 


The Assembler/Editor Upgrade Firmware CDP- 
18S843 is provided in three 2716 EPROM’s and is in- 
tended only for upgrading the Microboard Computer 
Development System (MCDS) CDP 18S693 to the CDP- 
18S694. (Use of the Assembler requires two cassette tape 
units.) These EPROM'’s fit the CDP18S652 Microboard 
Combination Memory and Tape I/O Control Module 
provided with the CDP18S693 and provide Editor and 
Assembler capability. 

The Text Editor allows the user to generate ASCII files 
on cassette tape. These files can be Level 1 CDP1802 
language, BASIC3 instructions with line numbers, or 
simply text. The Editor output file becomes the input file 
for the assembler. The Editor commands include: Move 
pointer to beginning of buffer, Move pointer to end of 
buffer, Move pointer by n characters, Move pointer by n 
lines, Define input tape, Append lines, Insert text, Delete 


n characters, Delete n lines, Save n lines, Get saved text, 
Find text, Substitute text, Define output tape, Type n 
lines, Write n lines to output tape, Write entire buffer to 
output tape, Print n lines, Return to UT62, and Quit 
session and restart Editor. 

The Assembler allows the user to convert a Level I 
source file on tape (source code) into an executable ma- 
chine language program on another tape (object code). 
The object code can then be loaded into memory by the 
UT62 Monitor program for execution, or it can be placed 
inan EPROM bya PROM programmer. The Assembler 
permits the user to write programs using convenient mne- 
monic expressions rather than machine language. It is a 
two-pass assembler with CDP1800-series Level I syntax. 
The Assembler also provides error messages to assist in 
debugging. 
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Micro Concurrent Pascal 


Cross-Compiler CDP18S844 and 
Interpreter/Kernel CDP18S852 and CDP18S853 


Micro Concurrent Pascal (mCP)*, a Pascal dialect, 
is a high-level language having multi-task capability 
that is specially suited for program development not 
only for COSMAC Development Systems or other 
systems using the RCA 1800 microprocessor series, 
but also for many other 8-and 16-bit microprocessors. 
Pascal is a language that is easily written, read, and 
maintained. mCP has the additional feature that it 
enables the programmer to solve problems requiring 
concurrency. RCA Micro Concurrent Pascal, avail- 
able on either tape or disk media, includes a cross- 
compiler CDP18S844 and a target system 
interpreter/kernel CDP18S852 for 8-bit micropro- 
cessor systems and CDP18S853 for 16-bit systems. In 
addition to providing the capabilities of mCP, this 
package gives the programmer access to the unique 
features of the RCA 1800-series microprocessors. 


The Language 


The mCP language provides the user with a Pascal 
extension that offers the readability, maintainability, 
and control structures of standard sequential lan- 
guages plus the flexible data typing of Pascal. Most 
significantly, however, it offers process and moni- 
tor constructs that permit multiple processes to run 
independently but at the same time to share data and 
communicate with each other. Interrupt response 
routines, device drivers, and bit-level manipulations 
are all programmed in mCP without having to use 
assembly code. But, for those time-critical routines, 
resort to assembly code is provided in the language. 

Interrupts are programmable in the mCP language 
through specification of an interrupt table. This table 
orders the priority of the interrupts and allows proper 
association of the interrupts with the group number 
and external flags of the RCA 1800-series two-level 
I/O convention. In addition to static specification, 
interrupt priorities may be dynamically altered by 
means of a single mCP instruction. 

RCA 1800 series microprocessor features are di- 
rectly accessible by means of built-in routines. The 
mCP programmer may access the external flags, the 
DMA pointer, and the Q flag. In addition, the mCP 
input and output instructions (INN and OUT) may be 


*Micro Concurrent Pascal and mCP are registered 
tradenames of Enertec, Inc. 


coded for either one-level or two-level I/O. Fig. lis an 
example of anmCP program fragment that transmits a 
line of characters to the CDP18S641 Microboard 
UART Interface. 

Features of the mCP language include: 

1. Pascal syntax with language constructs for 
concurrency. 

2. RCA 1800-series-dependent routines allow the 
programmer to test external flags, set and test 
the DMA register, test and set the Q flag, and 
perform one- or two-level I/O. 

3. Ability to specify and dynamically alter in- 
terrupt priorities for RCA 1800-series micro- 
processor interpreter /kernels. 

4. Floating-point arithmetic. 

5. Bit-level manipulation intrinsics. 

6. Ability to use assembly language. 

7. Structured data types. 

8. Data typing flexibility. 

9. Separate data types for 8- and 16-bit integers 
for efficient data storage. 

10. String manipulation intrinsics. 

11. Hexadecimal constants. 

12. Direct hardware addressing (PEEK, POKE, 
INN, OUT). 


The Cross-Compiler 
CDP18S844 


The mCP package is implemented by a cross- 
compiler and an interpreter/kernel. The cross-com- 
piler creates mCP pseudo code (mCP p code) which 
may then be executed by the interpreter with the kernel 
acting as the program executive performing process 
switching, process synchronization, and interrupt 
vectoring. The compiler is free from any target - 
machine dependencies. 

The mCP compiler performs extensive compile-time 
checking, capturing many real-time errors. It offers 
many compile-time directives such as listing and 
output code options to ease development and de- 
bugging of programs. 

The code produced is position-independent, re- 
entrant, and ROMable. An INCLUDE directive 
allows merging of mCP source files at compile time. 
mCP cross-compilers are available for Hewlett-- 
Packard, DEC, Data General, and IBM mainframes. 
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They are also available for use on CP/M or UCSD 
microcomputer systems. 
Features of the cross-compiler include: 
1. Operation on many host computers 
(See Table I). 
2. Produces reentrant ROMable code. 
3. Many compile-time options. 
4. Emission of code for run-time bounds 
checking. 
5. Compacted mCP p code. 
6. Debug options. 
7. Extensive compile-time checking. 


The Interpreter/Kernel 
CDP18S852 and 
CDP18S853 


The mCP interpreter/ kernel executes p codes from 
the mCP cross-compiler. The interpreter fetches, 
decodes, and executes the p codes corresponding to the 
mCP program. The kernel performs the multiplexing 
among concurrent processes. It controls access to 
shared procedures and data that are protected by 
monitors, the interprocess communication mechanism 
of the mCP language. Unique to the interpreter / kernel 
for the RCA 1800-series microprocessor is its ability to 
handle code to access the external flags, DMA pointer, 
Q flag, and either one-level or two-level I/O. Another 
special feature of the 1800 interpreter/kernel is its 
ability to handle run-time changes of the interrupt 
priorities. The interpreter/kernel for the CDP1802 
microprocessor is 3.6 kilobytes and with floating-point 
arithmetic it is 4.6 kilobytes. 

Features of the interpreter/kernel include: 

1. Real-time multi-tasking. 

2. Interrupt vectoring. 

3. Relocatability to any memory location of 
target system. 

4. Source code provided for customization. 

5. Portability; because of interpretive approach, 
mCP programs are portable, thus protecting 
software investment. 

6. Compact; typically 3 to 5 kilobytes. 

7. Stands alone, easily installed, requires no 
operating system under which to run. 
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8. Unique features of interpreter/kernel for RCA 
1800-series microprocessors include routines to 
access external flags, Q flag, DMA pointer, and 
either one- or two-level I/O. Also, interrupt 
priorities may be dynamically altered. 

9. In addition to the CDP1802, interpreters are 
available for the Z80, 8080/8085, 8086/88, 
Z8000, and 68000 microprocessors (mCP 
interpreter/kernel 8-bit, CDP18S852, for 
CDP1802, Z80, and 8080/8085; 16-bit, 
CDP18S853, for 8086/88, Z8000, and 68000). 


Download Circuit 


The diagram (see Fig. 1) shows a typical program devel- 
opment sequence using mCP. The downloading may be 
readily accomplished by the use of a switchbox circuit such 
as that shown in Fig. 2. This circuit, which is also described 
in the mCP User’s Guide, may be connected to a RCA 
MicroDisk Development System MS2000, COSMAC 
Development System IV CDP18S008, a COSMAC DOS 
Development System (CDS III) CDP18S007, a Micro- 
board Computer Development System (MCDS) 
CDP18S693 or CDP18S694, or through a CDP188030 
Micromonitor or MicroEmulator MS3001 to any target 
system. 

The purpose of the switchbox circuit is to permit a 
terminal to be shared between the cross-compiler 
system and the target system. The three normal modes 
of operation of the switchbox circuit are: 

1. Connect terminal to target system only. 

2. Share MODEM output between the target 
system and the terminal for downloading. 

3. Connect terminal to MODEM for cross- 
compiler system only. 


If the terminal is a 20-milliampere current-loop type, the 
user should be sure to include the optional components 
shown in the circuit diagram. P1, a 25-pin EIA male con- 
nector, may be plugged into COSMAC Development Sys- 
tems, the Micromonitor, the MicroEmulator, or the Mic- 
roboard Computer Development Systems. The Develop- 
ment Systems should be set up for half-duplex operation 
for downloading. Half-duplex operation is established by 
setting the duplex switch S3 on the switchbox circuit to the 
half-duplex position (switch closed — local echo on) and 
then typing a “line feed” character immediately after the 
utility program is started. 
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Sequential Pascal 


mCP has been extended from sequential Pascal in 
constructs to support concurrency, microprocessor 
input/output, and interrupt handling. To improve the 
efficiency of the mCP Compiler, some features of 
sequential Pascal were deleted. These deletions are 
dynamic storage, file types, and the GOTO statement. 
Because predefined functions and procedures in mCP 
are tailored for concurrency, bit handling, and access 
to machine features, some functions and procedures 
are different from the ones found in sequential Pascal. 
Many, however, are the same. 


A Micro Concurrent Pascal (mCP) User’s Guide is 
supplied with every purchase of mCP. This manual 
contains twelve chapters which include syntax and 
semantics of mCP, operating instructions for 
compilation, description of the mCP interpreter/ 
kernel, debugging hints, examples of mCP programs, 
and interpreter/kernel details particular to the target 
system. 

A useful reference is the book Ihe Architecture of 
Concurrent Programs by Per Brinch Hansen, 
Prentice-Hall, Englewood Cliffs, 1977. This book 
describes the construction of operating systems using 
the Concurrent Pascal language with which mCP 
shares the process, monitor, and class constructs. 


TYPE UART_WRITE=DEVICE_MON (SELECTOR: INT); 
PROCEDURE ENTRY WRITE(MESSAGE: LINE; DISP: LINE_DISP); 


VAR |: INT; 
THROWAWAY: INTEGER; 
BEGIN 
1:=1; 


OUT(#BD, CTRL_WORD) (*XMIT REQ., INT. EN., 8 DATA, 2 STOP, NO PARITY"); 


DOIO; 


WHILE (MESSAGE([I] <> NUL) AND (I < LINELENGTH) DO 


BEGIN 


OUT( ORD(MESSAGE[I]), DATA_WORD); 


(“SEND A CHARACTER") 


DOIO; 
INC(I); 
END; 


IF (DISP=PROMPT) OR (DISP=NEWLINE) THEN 
BEGIN OUT(ORD(CR), DATA_WORD); DOIO; 
OUT(ORD(LF), DATA_WORD); DOIO; 


END; 
IF DISP=PROMPT THEN 


BEGIN OUT(ORD(‘>’), DATA_WORD); DOIO; END; 
OUT(#3D, CTRL_WORD); ("TRANSMIT INHIBIT OTHERWISE SAME AS ABOVE*) 


THROWAWAY :=INN(CTRL_WORD); 


END; 
BEGIN 

OUT(#3D, CTRL_WORD); 
END; 


Fig. 1 - Sample mCP program. This routine writes a line to 
the CDP18S641 Microboard UART Interface. 
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Table | - Host Systems and Distribution Media for which Ready-to-Run 
Micro Concurrent Pascal (mCP) Cross-Compilers are Available. 


Single- | Double- 
Pascal ee Density | Density 
ape 
Operating Run-Time Floppy Floppy 
Computer System System 800BP1 | 1600BP1 Disk Disk 


DEC 
PDP11/23 RT-11 OMS! FLX 
PDP11/34 | RSX-11/M (4.0) OMSI FLX 
PDP11/45 | RSX-11/M (4.0) OMSI FLX 
PDP11/70 | RSX-11/M (4.0) OMSI FLX 
VAX11/780 VMS DEC VAX Copy 
Command 


Hewlett- 
Packard 
HP1000 RTE-IV,6 HP1000 ST Command X X 
HP2100 RTE-IVB,6 HP1000 ST Command X X 
HP21MX RTE-6,1V HP1000 ST Command X 


| ee een) eee ee 


X X 
X X 
X X 


1 Disk is RX01 


Micro- 
computers 
IBM PC 


Microsoft 


Compaq 
Portable 


Zenith 
=100 


Microsoft 


Microsoft 


769 


770 
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©) | FROM TERMINAL. 
| 
3002 | 
EIA (MODEM) 5 CLEAR TO 
DATA 
Pa ~s>2__2 0 {07> oe 3002 SEND 
MODEM $2 = VETA 6 DATA SET 
| Yeo. Veta Voc ae cca 2 OARRIER 
| OVera (#5V) (#9V) (-9V) <P ON 
| 
EIA | »'VI19,10 6 7 : 
DATA <2>— <Uep <i 22 Tee "22 | 
MODEM = 22k aan a | 
O VGG af | 
REQUEST , , | 2908 OV te | 
TO SEND EIA | 
SIGNAL 751 7SIGNAL 
GROUND GROUND 
FRAME | | FRAME 
GROUND GROUND 
92CL-34082 


__SWITCH IDENTIFICATIO 


eae SE 


N 


TORS 


° © MODEM 


() TARGET SYSTEM. | 
_@ DOwNtoAD | 


"@ MODEM CONNECTOR IDENTIFICATION| | PLUGTYPE | 
S| _) 20 mA. a as oe ar ee = Sar ear soa a a 
(TYPICAL LAYOUT) i_EIA “| nm TARGET SYSTEM (EIA) [25-PIN CINCH (MALE 


* LOCAL ECHO OFF 


=f 


‘MODEM (EIA) 25-PIN CINCH (MALE) __ 


_4 LOCAL ECHO ON | 


| P9 [TERMINAL (EIA) —|25-PIN CINCH (FEMALE) 


arene 


INTEGRATED CIRCUIT 


~_ MCA230 (OPTO ISOLATOR) _ 
_.GDA00TAE (NOR GATE) | 
_ CO4080AE (BUFFER) ean 


CO4049AE (INVERTER) ee 


Fig. 2 - Download switchbox circuit. 


System Software. 71 
CDP18S844, CDP18S852, CDP18S853 


OPTIONAL 
TARGET 
MACHINE 
CODE 


l 
I 
l 
Les es 


mCP 
COMPILER 
CDP18S844 


EXECUTABLE 
PROGRAM 
DOWNLOAD (++) (p CODES AND 
Fl | INTERPRETER/ 
KERNEL) 


mCP INTERPRETER/ 
KERNEL 
CDP18S852 OR 
CDP18S853 


CROSS-COMPILER SYSTEM U TARGET SYSTEM 
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MicroDOS Operating System 


The Microboard Disk Operating System (MicroDOS) 
associated with the MicroDisk Development System 
MS82000 is a powerful and easy-to-use tool for software 
development. It is an interactive mass-memory storage 
system capable of dynamic file operation and manage- 
ment. Its commands, obtained from a system console or 
diskfile, reference files stored on the diskette. By means 
of its dynamic operating system, MicroDOS keeps track 
of changes in file size during software development and 
allocates disk space as needed. Disk space not needed by 
a file is freed and made available for use by a different 
file. The file operating system can have multiple input 
and output files open at the same time and can thereby 
provide the user with considerable design flexibility. 
MicroDOS supports two types of files; ASCII and 
binary. ASCII files contain only ASCII files such as 
assembly source or listing files. Binary files require half 
the space for storage and can be loaded twice as fast. 
Files may be defined as system, write protected, delete 
protected, and/or contiguous. A prime function of 
MicroDOS is to manage the resources of the develop- 
ment system so that the user does not have to. The 
devices handled by the operating system include: key- 
board, line printer, and CRT screen. The operating sys- 
tem also provides a set of functions that can be called by 
a user program to perform utility operations such as 
open files, close files, and the like. 


MicroDOS System Ingredients 

Use of the MicroBoard Disk Operating System 
(MicroDOS) requires a MicroDisk Development System 
MS2000. The software needed for MicroDOS operation 
includes the UT70 Utility Program, provided on ROM, 
and the programs provided on the MicroDOS System 


Diskette. These programs include. 


On Disk: 

1. MicroDOS Operating System (OP. SYS) 

2. MicroDOS System Commands (CDSBIN, 
COPY, DEL, DIR, FREE, MERGE, PRINT, 
RENAME, SYSGEN, U, VERIFY) 

. MicroDOS Macro Disk Assembler (ASM8) 

. MicroDOS Disk Editor (EDIT) 

. Memory Save Program (MEM) 

. Diskette File Examination and Modify Program 
(EXAM) 
7. Diskette Diagnostic Program (DIAG) 
8. ASM4 to ASM8 Source Conversion Utility 

(CONASM) 

9. Pertec to or from MicroDisk Transfer Utility 

(PERTEC) 

10. Cassette to or from MicroDisk Transfer Utility 

(TAPED) 

11. Memory Test Utility (MEMTST) 
12. Diskette Format Utility (FORMAT) 
13. Instructions for MicroDOS (HELP) 
14. Twelve User Functions 


Nm kt W 


On ROM (UT70) 
1. Disk Loader 
2. I/O Transfer Routines (READ, WRITE) 
3. UT70 Self-Test Routine 


Detailed information on the MicroDOS operating 
system and the MS2000 development system can be 
found in the User Manual for the RCA MicroDisk 
Development System, MPM-241. 


System Software 


173 


CDP18S854 


6800-Series Cross Assemblers 


The RCA 6800-Series Cross Assemblers are supplied 
on an 8-inch Floppy Diskette for use in CDP18S007 and 
CDP18S008 Development Systems (CDP18S854). They 
are also supplied on a 3!/2-inch Micro-Floppy Diskette 
for use on a MS2000 Development System (CDP- 
18S854V4). These Assemblers may be used to assemble 
source code for the RCA CDP6805 Microprocessor ser- 
ies or for a variety of Microprocessors manufactured by 
Motorola. The RCA 6800-Series Cross Assembler Disk- 
ette contains three separate macro cross assemblers: 


1) A6801.CM For MC6800, MC6801, MC6802, 
MC6803, and MC6808 type source 
code. 

2) A6805.CM For CDP6805 and MC6805 type source 
code. 

3) A6809.CM For MC6809 type source code. 


The assemblers are capable of handling expressions, 
macros, and cross-reference listings. 

Further information on the 6800-Series Cross 
Assemblers can be found in the User Manual for the 
RCA 6800-Series Cross Assemblers CDP18S854 and 
CDP18S8854V4, MPM-854. 
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CDP18SUT62, CDP18SUT63, CDP18SUT71 


Utility Firmware 


The CDP 18SUT62, CDP1I8SUT63, and CDP1I8SUT71 
are Utility Programs each provided on a 2716 EPROM 
for use with RCA Microboard Computer Systems. The 
CDP18SUT62 is designed for use with the CDP18S601, 
CDP18S603, CDP18S606, or CDP18S608 Microboards. 
The CDP1I8SUT63 will run with any RCA CPU Micro- 
board provided that the CDP18S661B VIS board is also 
in the system. CDPI8SUT7I runs with any CPU Micro- 
board which includes a UART, or with any of the other 
CPU boards, provided the CDP18S641 board is also in 
the system. 


The Utility Program on the CDPI8SUT62 and 

CDP18SUT63 allows the user to: 

1. Inspect and modify memory. 

2. Store and retrieve data on tape. 

3. Start execution of the BASIC3 Interpreter, the 
Editor, the Assembler or a user-generated program at 
any address. 

4. Debug programs. 


The twelve commands available on the CDPI8SUT62 
and CDPI8SUT63 are Memory Move, Memory Fill, 
Memory Substitute, Memory Display, Memory Insert, 


Program Run, Read Tape, Write Tape, Rewind Tape, 
Run BASIC, Run Editor, and Run Assembler. Also 
included are Read and Type routines for communica- 
tions between the systems and the data terminal and for 
I/O transfers. 


The CDPI8SUT7I enables the user to examine or 
alter memory, begin program execution at a given loca- 
tion, do I/O from the keyboard, or transfer data 
between disk and memory. In addition, it can set up 
half- or full-duplex operation, load the operating sys- 
tem, or perform a test on itself. These functions are 
accomplished through a series of monitor commands 
that are initiated by typing D, F, I, M, S, P, T, L, B, ?, 
!, R, or W. The functions include memory display (D), 
memory fill (F), memory insert (1), memory move (M), 
memory substitute (S), run program (P), self test (7), 
load operating system (L or B), do 1/O from keyboard (? 
or !), and disk read (R) or write (W). Also included are 
the standard read and type routines that provide com- 
munication with the user’s terminal. Finally, the moni- 
tor contains routines that communicate with the RCA 
MSIM S50 3'/2 inch micro floppy disk drives through the 
CDP18S651 disk controller. 
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Dual-In-Line Packages 


Dual-in-Line Plastic Packages 


E SUFFIX 16-Lead (E & F) 
(JEDEC MO-001-AC) 


0.155 | 0.200 3.94 5.08 
0.020 | 0.050 0.51 1.27 
0.014 | 0.020 0.356 | 0.508 
0.035 | 0.065 0.89 1.65 
0.008 | 0.012 0.204 | 0.304 
0.745 | 0.785 18.93 | 19.93 
0.300 } 0.325 

0.240 | 0.260 

0.125 | 0.150 

0.000 | 0.030 


0.040 | 0.075 Solan! 
0.015 | 0.060 0.39 


SEATING PLANE 
CROCE PL int Ay L 


bg 


vt 
SS) BOTTOM view fh we 


BASE PLANE 


SEATING PLANE 


GAUGE PLANE 


NOTES: 

1. Refer to JEDEC Publication No. 95 JEDEC Regis- 
tered and Standard Outlines for Solld State Products, 
for rules and general Information concerning regis- 
tered and standard outlines. 

2. Protrusions (flash) on the base plane surface shail 
not exceed .25 mm (.010 In.). 

3. The dimension shown Is for full leads. “Half” leads 


are optional at lead positions 1, N, = ns as +1, 


Dimension D does not Inciude mold flash or 
protrusions. Mold flash or protrusions shall not 
exceed .25 mm (.010 In.). 

5. This dimension Is controlling when a particular 
combination of body length, lead width and lead 
spacing dimensions would allow lead material to 
overhang the ends of the package. 

6. E Is the dimension to the outside of the leads and is 
measured with the leads perpendicular to the base 
plane (zero lead spread). 

7. Dimension Ej does not Include mold flash or 

protrusions. 


> 


7,62 8.25 
6.10 6.60 
2.54 TP 
7,62 TP 
3.18 3.81 
0.000 =aa 
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18-Lead 
SYMBOL | iNcHes | NOTE | MILLIMETERS 


Pa Ee 
0.020 | 0.050 0.508 ; 1.27 
ea [Ts Tee 

0.035 | 0.065 0.89 1,65 
Hae ae 

0.845 | 0.885 21. 47 22 47 
L&  [o2aofoze0 | | 6.10 | 660 | 


21 0.100 TP 254 TP 
en 0.300 TP 7.62 TP 
Eke | 


sissies ET 


92CS~30630 


92CM-|5967R4 


a 


aelaae 


: 0.210 5. uae: 
Per 
0.115 | 0.195 2.93 | 4.95 
0.014 | 0.022 0.356 | 0.558 
aE 
o00e [ors || 020s | 0st | 
23.49 
seareies 
0.300 | 0.325 7.62 | 8.25 
ee 
0.090 | 0.110 
0.300 TP 


nett gone tte 


§82CM-35136 


8. Package body and leads shall be symmetrical around 
center line shown in end view within .25 mm (.010 
In.). 

9. Lead spacing e1 shal! be non-cumulative and shall 
be measured at the lead tip. This measurement shall 
be made before Insertion Into gauges, boards or 
sockets. 

10. This Is a basic installed dimension. Measurement 
shall be made with the device Installed in the seating 
plane gauge (JEDEC Outline No. GS&8-3, seating 
plane gauge). Leads ehali be In true position within 
.25 mm (.010 In.) diameter for dimension ea. 

11. eg is the dimension to the outside of the leads and is 
measured at the lead tips before the device Is 
installed. Negative lead spread is not permitted. 

12. N is the maximum number of lead positions. 

13. Dimension § at the left end of the package must 
equal dimension & at the right end of the package 
within .76 mm (.030 In.). 
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E SUFFIX 
22-Lead 
| INCHES _| 
SYMBOL [win | MAX. | NOTE ain MAC 


Ca selee | e es 
0.020 | 0.050 0.508 | 1.27 
re elie lie le 
0.035 | 0.065 0.89 1 a 
eS 
oe 
0.345 | 0.355 8.77 9, 01 


2.54 TP 


ae 3 
ee ae ee 
| ‘s'_[oors [ooco | loser | 27_| 
24-Lead 92CS-30830 
(JEDEC MO-015-AA) 


sv Meo. gin GHES HES" note 
Ce ese ee 
0.020 | 0.070 1.77 
Ca [sean [SeeTta 
By 0.028 0.72 | 1.77 
Cs eee) [Seal 
1.20 30.48 | 32.76 
Pa feeeless| [ssl 
0.515 | 0.580 14.73 
e4 0.100 TP 2.54 TP 
eA 0.600 TP 15.24 TP 
Pi ewlese| [eal 
L2 0.000 | 0.030 0.00 | 0.76 
pia | oo | 50 | 4 | oe | 150 


0.040 | 0.075 
0.040 | 0.100 
28-Lead 92CS26938R3 


symBou | INCHES r MULLIMETERE 


0.120] 0.250 6.30 
a 0.020| 0.070 1,77 


0.016; 0.020 0.407} 0.508 
=" 0.028 | 0.070 0.72 1.77 


0.008 | 0.012 0.204; 0.304 
1.400} 1.490 35.56 agai 85 


Te; [ests] oseo| — [ra00 | 1472 


40-Lead 


SYMBOL/“AiN. | NOTE win | WAX. 


CMIN. | MAX. | 
CA Teaslegs| 
0.020 | 0.070 
Ca [eesiees | [eee 
0.028 | 0.070 0.72 . 
0.008 | 0.012 0.204 | 0. ry 
ee ar ee 
Rm CS ee 


ve 
oe 0.600 TP leer 1824 TP 


0.100 TP 2. — TP 
0.600 TP 15.24 TP 5.100 | 0.200 2.54 5.00 
0.100 | 0.200 2.54 5.00 : _ 
€ samo | oa0 | ome Pei ie es 
re 5 aaa TOR 186-2 
ae a a ee 
0.045 | 0.080 aces tee? 
0.040 | 0.100 


2. Leads within 0.005” (0.12 mm) radius of True 


NOTES: 92CS-31862 Position (TP) at gauge plane with maximum 
Refer to Rules for Dimensioning (JEDEC Publication material condition and unit installed. 

No. 95) for Axial Lead Product Outlines. 3. eg applies in zone L2 when unit installed. 

1. When this device is supplied solder dipped, the 4. a applies to spread leads prior to installation. 


maximum lead thickness (narrow portion) will not 5. N is the maximum quantity of lead positions. 
exceed 0.013” (0.33 mm). 6. Nz is the quantity of allowable missing leads. 
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Dual-In-Line Packages 


Dual-in-Line Side-Brazed Ceramic Packages 


D SUFFIX 16-Lead 18-Lead 


| INCHES | | MILLIMETERS | 
NOTE 


. C MIN. | pmin. [max] [ain | max. | 
cae ee r= [o200] | - | 5.080 
| Te meee [oortloon [~~ oser | oss 
0.054 REF. | 1 | 1.371 REF. | 
q ry i CS EE | 0.1008sc | 1 | 
> oe cel ole. ‘SEATING PLANE eos | | 0.388 | 0.008 'o.012| 3 | 
oa : 3 [0.203 | ro.125[0150{ | 
Te fas| oo] fae a0 ote 
eee eee 0.025 [0.045 |_| 
=z a 


92CS-27231R1 


92CS-31130 


20-Lead 


MILLIMETERS 
ars ee fn [ax 


Ee eee nee 
rooss | 6 | 0sas | 4.207, 


CS eainnam eee ee one 
[ey [0.038 | 0.060 | — | 096s | 1.524 
Te | 008 | oor [| 0203 | 001 
(~p [0970 | 1020 | — [20608 | 25.800, 


= [eee [asa | — | ree | | 
a [ome Lose [af asi] va 


0.090 ' 0.110 2.286 ' 2.794 
“ 0.300 TP 7.620 TP 


rons [ons | 6 “| aa | 
geese eon ee eee 


INDEX AREA 


BASE PLANE 


SEATING PLANE 
GAUGE PLANE 


| S| 0030 | oes | — | 0.762 | 1.651 | 


92CM-35139 


NOTES: 
1. Leads within 0.005” (0.13 mm) radius of True Position 
(T.P.) at gauge plane with maximum material condition 
and unit installed. Lead spacing e71 shall be non- 
cumulative and shall be measured at the iead tip. This 
measurement shall be made before insertion into 
gauges, boards, or sockets. 

. @A applies in zone L2 when unit is installed. 

a applies to spread leads prior to installation. 

N is the number of terminal positions. 

E1 does not include particles of package materials. 

This dimension shall be measured with the device 

seated In the seating plane gauge JEDEC Outline No. 

GS-3. 


PA RwN 
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D SUFFIX 
22-Lead 
CHES] 07, | wuLLIMETERS | 
= T MIN. | MAX. | MIN. [| MAX. | 
ALLIZATION TA} 1.065 [1.085 | |27.06 | 27.55 


=u 0.040 REF. 
0.100 BSC 


92CS-25186R3 


24-Lead 


| INCHES _| MILLIMETERS 
SYMBOL NOTE 
Twin. | MAX] IMIN. | MAX, 


[“H[ ona0 | 0070 | [or | 77) 
|_J _{ 0.008 | 0.012] 3 | 0.21 | 0.30) 
Te fots [ ore | se [ae 
tome | oa ofr a 

ee a ae eee a a 
en 
wie Me i 


92CS-30986R 1 


28-Lead 40-Lead 


MILLIMETERS 
SYMBOL Twin. | max. | NOTED min. | max. 
TA | 1.380 | 1.420] | 35.06 | 36.06, 
| Cf 0.085 F 0.145 | 
| _O __{ 0.017 | 0.023 | 
| _F _| O.OSOREF. | 
LS. 0.100.88¢ _| 


92CM.-26419R 1 


NOTES: 

1. Leads within 0.005” (0.13 mm) radius of True 
Position at maximum material condition. 

2. Center to center of leads when formed parallel. 

3. When this device is supplied solder dipped, the 
maximum lead thickness (narrow portion) will not 
exceed 0.013” (0.33 mm). 
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Dual-in-Line Ceramic Package 


D SUFFIX 16-Lead 


BASE PLANE 


ewer VO GAUGE PLANE 


e, view e) | 
4 Ji] 0.100 TP 
ao 0.300 TP 
NOTES: 


Refer to JEDEC Publication No. 95 for Rules for 
Dimensioning Axial Lead Product Outlines. 

. When this device is supplied solder-dipped, the 
maximum lead thickness (narrow portion) will not 
exceed 0.013” (0.33 mm). 

2. Leads within 0.005 ‘' (0.127 mm) radius of True 

Position (TP) at gauge plane with maximum 
material condition. 


ad 


e1 and eg apply in zone L2 when unit is installed. 
Applies to spread leads prior to installation. 

N is the maximum quantity of lead positions. 

. N17 is the quantity of allowable missing leads. 
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Q SUFFIX 
44-Lead Plastic Chip-Carrier (P.C.C.) 


0.042 (1.07) 0.042 (1.07) 


0.045 (1.14) 0.056 (1.42) 
PIN (1) IDENT 


-050 (1.27) TP 


0.025 (0.64) 
0.045 (1.14) 


— VIEW “A” 


0.020 (0.51) 
MIN. 


SEATING 


0.020 (0.51) MAX PLANE 


3 PLCS NOTE: 2 
0.042 (1.07) 
0.056 (1.42) 0.013 (0.33) 
[0.027 (0.83) 
DIMENSIONS IN PARENTHESES |___9.025 0.04) 
ARE MILLIMETER EQUIVALENTS 0.060 (1.52) __ MIN. 
OF THE BASIC INCH DIMENSIONS MIN. 


VIEW “A” TYP. 


| MILLIMETERS | 


Pa ma PIN. | MAX. | 
4.06 
1.65 


wronerne \ some, \ EE 0.120 MAX. | 160 

0.020 } 0.065 

Ce ee ae nl ce 0.014 | 0.020 

INDEX a) 0.035 | 0.065 
re fe 8 ro) 

0.008 | 0.012 

0.745 | 0.785 

0.300 |} 0.325 

0.240 | 0.260 


0356 08 B 0.015 
0.008 

18.93 19. 93 ee 0.600] 0.625. 

8.25 0.480] 0.520 

mas 0.100 . 

ep 0.600 TP 


Aas 0.150 
= 
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24-Lead 
(JEDEC MO-015-AG) 


symBo. |_!NCHES _| 
0.090] 0.200 
0.020. ke 


0.3 
1.1 
he 304 
2 


> Ss 


92SS-4286R5 


0.165 | 0.180 


0.090 | 0.120 | é 
0.685 | 0.695 17.399 | 17.653 
0.650 | 0.656 16.510 | 16.662 


0.590 § 0.630 14.985 © 16.002 
0.500 REF. 12.700 REF. 
0.685 | 0.695 17.399 | 17.653 
0.650 | 0.656 16.510 | 16.662 
0.590 ' 0.630 14.985 ' 16.002 
0.500 REF. 12.700 REF. 


1. Leads to be in true position within 0.005 In. 
(0.127 mm) when measured using maximum lead 
width. 

2. All leads to be coplanar within .004 in. (0.102 mm). 

3. Does not include mold flash. Mold flash shall not 
exceed 0.006 In (0.152 mm). 


PH WAR. we ae 
5.08 
1.78 
81 0.508 
43 * 397 


4 15. 87 
12.20 13.20 


2.54 TP 
ts 


92CS-19948R4 
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N SUFFIX 
24-Lead Small Outline Plastic Package (S.O.P.) 


sro, MEH woe MULTE 
win. | max. |” | min. | max. 


Rar-xr®=moowy>y 


92CM-38110 


at poe NOTES: 


1. Leads to be in true position within 0.005 in. 
x (0.127 mm) when measured using maximum lead 
B Al width. 
2. Does not include mold flash. Mold flash shall not 
exceed 0.006 in (0.152 mm). 
3. All leads to be coplanar within .004 in. (0.102 mm). 


N SUFFIX 
28-Lead Smali Outline Plastic Package (S.O.P.) 


oan [ase |*O°™ [a 


Recr®=moowy>>y 


92CM-38083 
at a. 
NOTES: 
1. Leads to be in true position within 0.005 in. 
B (0.127 mm) when measured using maximum lead 
Al width. 


2. Does not include mold flash. Mold flash shall not 
exceed 0.006 in (0.152 mm). 


as 5 ae Go 3. All leads to be coplanar within .004 in. (0.102 mm). 
« 


Surface-Mounted Packages 
(Scheduled for 1985 Availability ) 


Small-Outline Packages Plastic Chip-Carrier Packages 
24 PIN 28 PIN 44 PIN 
CDM6264 8Kx8 CMOS RAM CDM5365 8Kx8 CMOS ROM CDP6402 Industry Standard UART 


CDM6116 2Kx8 CMOS RAM CDM53128 16Kx8 CMOS ROM CDP1854 1800 UART 

CDM5332 4Kx8 CMOS ROM CDM53256 32Kx8 CMOS ROM CDP1804A_ 8-Bit Microcomputer 
CDM5364 8Kx8 CMOS ROM CDP1805A_ 8-Bit Microprocessor 
CDP6818 Real Time Clock CDP1806A_ 8-Bit Microprocessor 


CDP1852_ 1/O Port 


78220 ~SCMOS Microprocessors, Memories and Peripherals 


ac ee OO 


Supplementary Information 


Page 
Extra Value Program) ii.6o sted ii ies ada n te sae eawes a awneietaw Mies 784 
High-Reliability IC Capability 2.0... .. ccc cece ce eee eee rece ence 787 
Apolicatlon: NOS ‘ses sacicdc tess ke Qin asew eas ecereceee eerie een nies 788 
Catalogs and Brochures 4 o.i<0 down sawen tea eran cy eaesaeanse teaws 789 
Wser ManualS..c¢ us standien vaeawes a mie ew Oeeaw alc e leaded s Bees ee aeid 790 
SALES OMICS scsi inh aS hasan Daw bak eee aes Paw WE tate poset eles wes 791 
RCA Authorized Distributors ........ ccc ccc ccc cece eee eee eee e enone 792 
RCA Manufacturers’ Representatives .......... ccc eee cree cece re cenes 798 


784 


Extra Value Program 
The EVP Option 


CMOS Microprocessors, Memorles and Peripherals 


For systems designers, the key to cost-effective device 
procurement is often found in determining the right 
level of reliability. How much reliability? At what cost? 


For the semiconductor manufacturer and user alike, 
the answer has always been the same. As much reliabil- 
ity as the application requires at the lowest practical 
cost. 


The screening programs of RCA Quality Assurance 
Laboratories employ this philosophy to achieve CMOS 
reliability goals in both standard product and military 
Hi Rel product. 


As both integrated circuits and their application be- 
come more complex, an increasing number of CMOS 
users find the cost effective answer to reliability re- 


Extra Value Screening 


Burn-in Time 160 hrs. 
Temperature 125°C 
Bias Voltage 
CDP1800 “C” Product 
and MWS Devices 7V 


CDP1800 “Non-C” Product 11V 


*Cumulative AQL — Means functional plus parametric 


The Extra Value of Burn-in 


Quality relates to the percentage of defective units at 
“time zero.” It is a measure of devices dead-on-arrival 
(DOA). While the total absence of even a single defec- 
tive unit in any lot of devices received from the semi- 
conductor manufacturer may be the ideal goal, it is an 
impractical one. 


Testing experience and a complete understanding of 
failure mechanisms tells us that every increment of 
improvement over the standard 0.15% AQL carries a 
price tag which becomes disproportionately high rela- 
tive to the number of rejects it will eliminate. 


Application experience shows that the simple reduc- 
tion of AQL does in no way guarantee an improvement 
in field-failure rates. 


Failure 
Rate 
Reduced 
Due To 
Screening 


quirements in a new level of reliability screening. One 
which, for the intended use, is more effective than 
standard product but does not involve the higher costs 
required to achieve military reliability levels. 


This cost-effective approach to enhance commerical 


reliability is provided by the RCA Extra Value Program. 


The Extra Value Program adds a burn-in and additional 
testing to the comprehensive real time controls and test 


procedures carried out on standard plastic and ceramic 
product. In addition, after 100% post burn-in testing, a 
5% max. PDA (percent defective allowed) is imposed. 


The enhanced product of the Extra Value Program is 
then Quality sampled to a 0.065% cumulative AQL.” 


Extra Value product is identified with the suffix “X”. 


Standard Extra Value 
Designation Designation 
Plastic CDP1802ACE CDP1802ACEX 
MWS5114E2 MWS5114E2X 
Ceramic CDP1802ACD CDP1802ACDX 
MWS5114D2 MWS5114D2X 


Reliability, in contrast to the zero-time aspects of qual- 
ity, is a measure of the maintenance of quality through 
time in actual system environment. 


Component burn-in is effective in screening out 
temperature and time dependent mechanisms that 
would normally escape detection under a 100% final 
electrical test. 


Thus, the Extra Value Program offers greater cost ef- 
fectiveness in achieving field reliability than any pro- 
gram which relies solely on reduced outgoing or in- 
coming inspection levels. 


The basic theory of burn-in and the type of improve- 


ment which can be expected through reduced device 
infant mortality is depicted in the chart below. 


BASIC THEORY OF SCREENING 


Burn-in and screening eliminate a major 
percentage of the infant mortality. Com- 
ponent life in equipment is translated from 
curve A to curve B as a result of burn-in. 


without burn-in 


ith burn-in (X and XV) 


Time Zero in Equipment 
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Extra Value Program 
Standard Reliability Screens 
100% PARAMETRIC AND FUNCTIONAL TESTING PARAMETRIC AND FUNCTIONAL SAMPLE TESTING 
Testing each individual unit at specified voltage levels. Sample size and percent defective allowable vary with 
desired AQL. For standard product a 0.15% cumulative 


STABILIZATION BAKE AQL is imposed. 


A high temperature bake designed to enhance package 
resistance to the environment (included in standard Lo] Production State or Process 


product processing). 
Quality Assurance Ste 
Plastic: 16 hours, 175°C <> % P 


Ceramic: 16 hours, 200°C 


STANDARD PRODUCT FLOW CHART 


Real 
Time 
Controls 


Scribe, 
Crack, 


100% Parametric 
and Functional 
Testing 


Finished Wafers 
with “Built-In” 


Reliability Mount, 


| 
| 
| 
| 
| 
| 
| 
| 
Bond | 
| 
| 
| 
| 
| 
| 
| 
| 
| 


100% Parametric Standard 


Sample 
Product 


and Functional 
Testing 


Stabilization : 100% Visual 


Testing 


Standard Product Inventory 
Extra Value Screens 


BURN-IN ENHANCEMENT FLOW CHART 
Biased burn-in at 125°C and 160 hourshas._ “<&@ws— aaa es 


7V for CDP1800 “C” and MWS Devices 
11V for CDP1800 “Non-C” Devices 


cool down to 35°C with bias applied. 


Tested to product limits within 96 hours of burn-in 
completion. 


PARAMETRIC AND FUNCTIONAL TESTING 


Sample size and percent defective allowable vary to 
obtain the desired AQL: 


Extra Value Product: 0.065% cumulative AQL 


*Burn-In PDA — Percent defective allowed equals 5% 
max. 


STANDARD PRODUCT FLOW 


100% PARAMETRIC 
AND FUNCTIONAL 
TESTING 


BURN-IN 
PDA* 
5% MAX. 


ENHANCED 
PRODUCT 


[ Production State or process 


<> Quality;Assurance Step i i a ae a a a a a te ey cet 
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Extra Value Program 


Extra Value Program Product Flow 


CMOS Microprocessors, Memories and Peripherals 


EVP Application 


QUALITY APPROVED 
COMMERCIAL LOTS 
ADD SUFFIX X TO 
STANDARD BRAND 


BURN-IN TO MIL-STD-883 
METHOD 1015 - 160 HRS., 
125C, 7V BIAS “C” TYPES 
CDP1800 AND MWS DEVICES 
11V BIAS “NON-C” 


COOL DOWN TO 
35°C UNDER BIAS 


ADD WHITE DOT 
ADJACENT TO PIN 1 


100% FACTORY TEST 
WITHIN 96 HOURS 
SCRAP REJECTS 
CRITICIZED TO 5% MAX. 
PDA (PERCENT OF 
DEFECTIVE ALLOWED) 


QUALITY SAMPLE 
0.065% AQL 
CUMULATIVE 


INVENTORY AS 
EVP PRODUCT 


The need to achieve the enhanced reliability resulting from 
burn-in screening must be determined by careful analysis of 
system design and application. 


How many IC’s are incorporated into the total system? How 
many devices on each board? 


Is the proper device being used for the application? 
What are the MTBF goals? 
What failure rates are being experienced without screening? 


Cost-effectiveness of using Extra Value CMOS can be deter- 
mined by mutual analysis of the economic trade-offs made 
possible by the following features of the program: 


© Available in both plastic and frit-seal ceramic packages. 

e Offered on the industry’s broadest line of circuit functions. 

@ 0.065% AQL cumulative. 

e Reduction in PC board reworking through fewer line rejects. 

e Lower warranty requirements through the elimination of in- 
fant mortality failures. 

e Reduced incoming inspection cost by reduction or complete 
elimination of test procedures. 

e Reduction of system failures and related service expenses 
and customer complaints. 


Extra Value Reliability Data 


FAILURE MTFF DATA BASE 
RATE (HOURS) (DEVICE HOURS) 
Plastic 
(85°C) 
Standard 0.15% 660,000 1.3x10° @ 85°C 
EVP 0.04% 2,500,000 4.3x10° @ 125°C 
(55°C) 
EVP 0.0015% 63,000,000 Note 3 
Frit 
(125°) 
Standard 0.2% 500,000 4.0x10* @ 200°C 
EVP 0.06% 1,650,000 6.3x10* @ 125°C 
NOTES: 


1. Failure rates are per 1000 hours at 60% confidence. 

2. EVP reduced failure rates are due to both burn-in and reduced 
AQL limits. 

3. 55°C data extrapolated from standard conditions using a 1.1 ev 
activation energy curve. 
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RCA High-Reliability IC Capability 


RCA Solid State is a leading supplier of high-reliability 
integrated circuits to the military and aerospace commun- 
ity. Years of commitment, dedication, experience, and 
know-how make possible shipment of hundreds of thou- 
sands of quality high-reliability microcircuits annually. 
RCA specialists fully understand the needs of component 
and systems engineers in the design of high-reliability 
equipment, are thoroughly familiar with the objective and 
requirements of MIL-STD-883 and MIL-M-38510, and work 
closely with governmental agencies in the establishment of 
detailed specifications for high-reliability microcircuits. 
Moreover, RCA provides complete facilities for processing 
and testing integrated circuits to these specifications. RCA 
is justly proud of its many significant accomplishments with 
respect to the development, production and shipment of 
high-reliability integrated circuits, including: 


e First supplier of MIL-M-38510 to attain QPL Class S Part 
One Radiation-Hardness Listing 

e First supplier of MIL-M-38510 CMOS integrated circuits 

e Leader in the production of radiation-resistant CMOS 
microcircuits [to 1 x 10® rad (Si)] 

e Initiator of scanning-electron-microscope (SEM) in- 
spections in the production of high-reliability microcir- 
cuits — in use at RCA since 1972 | 

e Initiator of MIL-STD-883, Condition A inspections — in 

use at RCA since 1972 

A leading supplier of dielectrically isolated circuits 


Standard-Product High-Reliability IC’s 


RCA offers high-reliability versions of virtually its entire line 
of standard-product integrated circuits from the CD4000 
series of CMOS digital logic types, the CDP1800 series of 
microprocessor and associated memory and input/output 


(1/O) types, and the CA3000 series of bipolar linear types. | 


These integrated circuits are processed and screened to 
MIL-STD-883 Class B requirements. Extensive inventories 
are maintained for rapid, off-the-shelf delivery. 

RCA also offers high-reliability versions of standard- 
product types that are processed and screened to special 
customized. specifications, especially for the aerospace 
user and others who procure types to Class S specifications. 

RCA maintains an extensive computer file of customer 
specifications and has the methodology required to trans- 
late these customized specifications into internal RCA 
standards and factory operating procedures. In addition to 
the detailed device specifications, the computer file lists the 
customer specification number, any revision number, and 
the RCA custom number assigned to a specific device type. 


Radiation-Hardened High-Reliability IC’s 


RCA also offers radiation-hardened versions of high- 
reliability (Class S and Class S format) CD4000-series 
CMOS integrated circuits. Radiation-hardened types, 
which are identified by additon of a “Z” or “J” suffix to the 
device type number, are electrically and mechanically iden- 
tical to their prototype with the exception that they are 
processed and screened to withstand a total gamma- 


[withstand high radiation environments. 


RCA also provides a broad line of high-reliability discrete solid-state power devices 
(power transistors, triacs, and silicon controlled rectifiers). These devices include types 
qualified as JAN or JANTX devices in accordance with MIL-STD-19500 General 
Specifications and MIL-STD-750 Test Methods, types that are not yet covered by 
military specifications but that are processed and screened to specifications patterned 
after the military standards, and types that are specially designed and processed to 


radiation dosage of 10° rads(Si) for Z-suffix types or 10° 
rads(Si) for J-suffix types. Selected CDP1800-series CMOS 
integrated circuits are available to various levels of radia- 
tion hardness. In addition, RCA offers a spectrum of 
radiation-hardened bipolar integrated circuits that employ 
dielectric isolation and diode-photocurrent compensation. 


High-Reliability Custom IC’s 


RCA has complete custom-circuit capabilities for various 
CMOS and bipolar integrated-circuit technologies. Custom 
circuits are offered whenever this approach to integrated- 
circuit design is determined to be economically feasible. 
RCA high-reliability custom integrated circuits can be pro- 
cessed and screened to MiIL-STD-883 Class S and Class B 
specifications. These custom circuits, which are described 
in detail in later sections of this DATABOOK, include: 


e Gate universal arrays 

e EPIC 8-bit slice microcomputer family and associated 
memory (RAM) complement 

e Radiation-hardened linear IC’s 

e Radiation-hardened high-speed bipolar IC’s. 
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Application Notes 


Number 
ICAN-6315 


ICAN-6416° 


ICAN-6525 
ICAN-6536 


ICAN-6537 
ICAN-6538 
ICAN-6539 
ICAN-6562 
ICAN-6565 
ICAN-6581 

ICAN-6595 
ICAN-6602 
ICAN-6611 
ICAN-6632 


ICAN-6635 


ICAN-6656 
ICAN-6657 
ICAN-6677 
ICAN-6693 
ICAN-6704 
ICAN-6842 
ICAN-6847 
ICAN-6883 
ICAN-6889 
ICAN-6901 
ICAN-6907 
ICAN-6918 
ICAN-6925 
ICAN-6928 
ICAN-6934 
ICAN-6943 
ICAN-6953 
ICAN-6955 
ICAN-6957 
ICAN-6968 
ICAN-6970 
ICAN-697 1 
ICAN-6991 
ICAN-7020 
ICAN-7026 
ICAN-7029. 
ICAN-7032 
ICAN-7038 
ICAN-7063 
ICAN-7067 
ICAN-7079 
ICAN-7116 
ICAN-7144 


Title 

COS/MOS Interfacing Simplified 

An Introduction to Microprocessors and the RCA COSMAC COS/MOS Microprocessor 
Guide to Better Handling and Operation of CMOS Integrated Circuits 

Use of CMOS ROM’S CDP1831 and CDP1832 with the RCA Microprocessor Evaluation Kit 
CDP18S020 

Use of CMOS RAM CDP 1824 with Microprocessor Evaluation Kit CDP18S020 

Use of the CDP1852 8-Bit I/O Port with RCA Microprocessor Evaluation Kit CDP18S020 
Use of CMOS-SOS RAM CDP1822 with RCA Microprocessor Evaluation Kit CDP18S020 
Register-Based Output Function for RCA COSMAC Microprocessors 

Design of Clock Generators for Use with RCA COSMAC Microprocessor CDP1802 
Power-On Reset/Run Circuits for the RCA CDP1802 COSMAC Microprocessor 
Interfacing Analog and Digital Displays with CMOS Integrated Circuits 

Interfacing COS/MOS with Other Logic Families 

Keyboard Scan Routine for Use with RCA COSMAC Microterminal CDP18S021 

Use of the CDP1854UART with RCA Microprocessor Evaluation Kit CDP18S020 or 
EK/Assembler-Editor Design Kit CDP180S024 

Use of CMOS ROM’S CDP1833 and CDP1834 with the RCA Microprocessor Evaluation Kit 
CDP18S020 and the EK/Assembler-Editor Design Kit CDP18S024 . 

COSMAC Software Development Program on GE Mark III Timesharing System 

Use of the CDP1856 and CDP1857 Buffer/Separators in CDP1802 Microprocessor Systems 
Software Control of Microprocessor-Based Realtime Clock 

CDP1802-Based Designs Using the 8253 Programmable Counter/Timer 

Optimizing Hardware/Software Trade-Offs RCA CDP1802 Microprocessor Applications 
16-Bit Operations in the CDP1802 Microprocessor 

Programming 2732 PROM’S with the CDP18S480 PROM Programmer 

Simplified Design of Astable RC Oscillators Using the CD4060B or Two CMOS Inverters 
Using Slower Memories with the VIS Display System 

CDP1802 Mircoprocessor-Based Setback Thermostat 

A Counter/Timer for COSMAC Systems 

A Methodology for Programming COSMAC 1802 Applications Using Higher-Level Languages 
Understanding and Using the CDP18U42 EPROM 

Interfacing PLM Code to CDOS System Functions 

Cassette Tape |/O for COSMAC Microprocessor Systems 

Designing Minimum/Novolatile Memory Systems with CMOS Static RAM’S 

An Introduction to the Video Interface System (VIS) Devices-CDP1869 and CDP1870 
Using the COSMAC Microboard Battery-Backup RAM, CDP18S622 

CDP1804 and CDP1805 Processors Improve System Performance and Lower Chip Count 
New CMOS CDP1800-Series Processors Reduce Chip Count 

Understanding and Using the CDP1855 Multiply/Divide Unit 

New CMOS CDP1800-Series Processors Enhance System Performance 

A Slave CDP1802 Serial Printer Buffer System 

Multimicroprocessor-based Transistor Test Equipment 

Microboard Equipment Control 

Low-Power Techniques for Use with CMOS CDP1800-Based Systems 

CDP1800-Based Video Terminal Using the RCA Video Interface System, VIS 

A CDP1800-based CRT Controller 

Understanding the CDP1851 Programmable |/O 

VIS-A Commercially Competitive CRT Controller Chip Set 

CDP1800-Series Multiprocessing for Maximum Performance 

New CMOS Counting Functions for Real-Time Applications 

Real-Time Interrupts Using the CDP1804A/5A/6A CMOS Microprocessor 


CMOS Microprocessors, Memories and Peripherals 


Supplementary Information 


Catalogs and Brochures 


Using Micro Concurrent Pascal in RCA Development Systems 
with the CDP1804P1 and CDM5332P1—Describes a two-chip set 
(CDP1804P1 and CDM5332P1) developed by RCA that contains a 
pseudo-code (P-code) interpreter and that facilitates use of 
Micro Concurrent Pascal (mCP) in end-use systems. The booklet 
describes mCP and shows how to generate mCP code. 

AB-7149 (8-3/8”" x 10-7/8”", 88 pages) ...............0055 $1.70* 


CMOS Microprocessors, Memories, and Peripherals—Includes 
significant features, ratings, electrical characteristics, and func- 
tional and terminal diagrams for the RCA CDP1800 series and 
CDP6800 series of CMOS microprocessors and associated 
memory and peripheral integrated circuits. Descriptive infor- 
mation is also provided on RCA general-purpose CMOS memo- 
ries, microprocessor-based development and support systems, 
and system software. 

MPG-180E (8-3/8" x 10-7/8", 68 pages) ................. $2.00* 


CDP1802 Microprocessor Instruction Summary—Handy pocket 
guide provides instruction summary for the CDP1802 micro- 
processor. Contains CDP1802 flow chart, complete instruction 
summary, and hexadecimal-decimal conversion chart. 

MPM-920B (3-1/2" x 5-1/2", 16 pages) .............0008- $0.35* 


RCA Microboard Computer Development Systems-MCDS-CDP- 
188693, CDP18S694, and CDP18S695 (Color) Instruction 
Summary—Handy pocket guide contains complete instruction 
summary for the MCDS. 

MPM-922 (3-1/2" x 5-1/2", 14 pageS) ............ eee eee $0.35* 


Instruction Summary for the CDP1804A/05A/06A CMOS Micro- 
processors and Microcomputer—Handy pocket guide contains 
complete instruction summary, CDP1800-series opcode map, 
‘68’ linked opcode instructions (double fetch), and hexadecimal- 
decimal conversion chart. 

MPM-925 (3-1/2” x 5-1/2", 22 pageS) .......... cece e eee $0.35* 


Instruction Summary for the CDP6805E2 Microprocessor CDP- 
6805F2, CDP6805G2 Microcomputers— Contains complete instruc- 
tion summary including register/memory instructions, read/modi- 
fy/write instructions, bit manipulation instructions, control 
instructions, and branch instructions. 

MPM-980 (3-5/16”" x 5-1/2", 24 pages) ...............05. $0.35* 


Systems Product Descriptions 


CMOS ROMs—Explains the RCA sales policy and describes the 
technical features and programmable options foreach ROM type. 
RPP-610A (8-3/8”" x 10-7/8", 20 pages) ................. $1.00* 


The RCA 1800 series: The world’s broadest most powerful line of 
8-bit CMOS uPs/yC—Describes the RCA 1800 series which 
includes microprocessors, a microcomputer, the “most complete 
line of CMOS memory and peripheral devices in the industry”, a 
full line of development and support systems, extensive software 
support, and a broad complement of Microboard computer 
modules. 

2M1333 (8-3/8" x 10-7/8", 8 pageS) .......... cece eee $0.30* 


Announcing a New Source for the CMOS 6805 Microcomputer— 
Announces RCA as a new source for the CMOS 6805 micro- 
computer. The 6805 architecture and features are described 
together with a full line of peripheral devices offered by RCA. 

2M1334 (8-3/8" x 10-7/8", 4 pages) .......... cece ee eee $0.30* 


RCA CDP6805 CMOS Series Cross Reference Guide—Lists RCA 
CDP6805 CMOS Series types together with industry types for 
which they are direct replacements. Also supplies nomenclature 
details. 

CRG-602 (8-3/8" x 10-7/8", 2 pages) ................05. $0.15* 


CMOS Peripherals Cross-Reference Chart and “Micro” Interface 
Guide—Lists RCA CMOS peripherals together with CMOS and 
NMOS 8-bit MICROs with which they interface. Also provides a 
functional cross-reference chart of RCA peripherals. 

CRG-601 (8-3/8" x 10-7/8", 4 pages) ............ 00. e eee $0.20* 


LS! Product Guide—Pocket guide covers the advantages of the 
RCA CMOS 1800-Series and the RCA CMOS 6805-Series 
microprocessors and lists the individual types available from 
RCA. 

LSI-630 (3-5/8" x 8-1/2", 12 pages) ........... cc eee ee eee $0.20* 


CMOS Memories and Microprocessors Extra Value Program— 
Describes the cost-effective approach to enhanced commercial 
reliability provided by the RCA Extra Value Program. The Extra 
Value Program adds a burn-in and additional testing to the 
comprehensive real-time controls and test procedures carried 
out on standard plastic and ceramic product. 

EVP-603 (8-3/8" x 10-7/8", 4 pages) ............ 0 cee eae $0.50* 


Provide descriptive and user information for RCA CMOS microprocessor-based development and support systems. 


Allissues (8-3/8" x 10-7/8")} $0.50 each 
Title Form No. 
Fixed-Point Arithmetic Subroutine (2 pages) PD6 
Floating-Point Arithmetic Subroutine (2 pages) PD? 
Microboard Computer Development Systems (MCDS) CDP18S693 and CDP18S694 (8 pages) PD13 
Color Microboard Computer Development System (MCDS) CDP18S695 (6 pages) PD14 
BASIC1 Compiler/Interpreter (CDP18S834) (4 pages) PD34 Rev. 1 
PLM 1800 High-Level-Language Compiler (CDP18S839) (4 pages) PD39 Rev. 2 
BASIC2 High-Level-Language Interpreter (CDP18S840) (4 pages) PD40 Rev. 1 
Run-time BASIC CDP18S842, CDP18S842C (4 pages) PD42 Rev. 1 
Micro Concurrent Pascal Cross-Compiler CDP18S844 and Interpreter/Kernel CDP18S852 and CDP18S853 (6 pages) PD44 
BASIC1 Compiler/Interpreter.-CDP18S834V4 for Use with the RCA MicroDisk Development System MS2000 (4 pages) PD46 
BASIC2 High-Level-Language Interpreter CDP18S840V4 for 

Use with the RCA MicroDisk Development System MS2000 (4 pages) PD47 
MicroDisk Development System MS2000 and MS2000E (6 pages) PD2000 


“Prices are net (U.S. only) and are subject to change without notice at our discretion. 
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User Manuals 


Systems 


User Manual for the RCA-CDP1802 COSMAC Microprocessor— 
Describes the microprocessor architecture, provides easy-to-use 
programming instructions, and illustrates practical methods of 
adding external memory and control circuits. 

MPM-201C (8-3/8” x 10-7/8", 170 pages) ............... $5.00* 


Fixed-Point Binary Arithmetic Subroutines for RCA COSMAC 
Microprocessors—Provides 31 subroutines designed to be 
operated on RCA COSMAC Microprocessors: 15 for 16-bit 2’s- 
complement arithmetic, 14 for utility, and 2 for format conversion. 
MPM-206A (8-3/8" x 10-7/8", 48 pages)..............065 $5.00* 


Floating-Point Arithmetic Subroutines for RCA COSMAC Micro- 
processors—Describes 18 subroutines and gives detailed in- 
formation on their application. Ten are 32-bit floating-point 
arithmetic subroutines, 6 are for utility, and 2 are for format 
conversion. 

MPM-207 (8-3/8" x 10-7/8", 32 pages) ..............0005 $2.00* 


Instruction Guide for the COSMAC Macro Assembler (CMAC)— 
Describes use of Macro Assembler on COSMAC Development 
System CDS || CDP18S005 to extend Level ll COSMAC Resident 
Assembler RAL II by providing macro and conditional assembly 
Capability and other new logical features. 

MPM-223A (8-3/8" x 10-7/8", 20 pagesS)..............00, $2.00* 


Use of BASIC1 Compiler/Interpreter CDP18S834 with RCA 
COSMAC DOS Development System (CDS Iil)—Describes 
BASIC1 language and gives detailed operation information on 
the compiler and interpreter. 

MPM-234 (8-3/8”" x 10-7/8", 31 pageS) .............00 eee $2.00* 


User Manual for the RCA COSMAC PLM 1800 High-Level- 
Language Compiler—Describes the PLM 1800 High-Level Lan- 
guage and the Compiler implementation for it. 

MPM-239A (8-3/8" x 10-7/8”", 36 pages)..............06. $2.00* 


User Manual for the RCA MicroDisk Development System 
MS2000—Describes in detail the hardware structure and the 
software features and commands of the MicroDisk Development 
System MS2000. 

MPM-241 (8-3/8" x 10-7/8", 144 pages) .............000- $2.00* 


User Manual for the RCA MicroEmulator MSE3001—Describes 
the use of the MicroEmulator MSE3001, a powerful, modular, 
self-contained, portable emulator for simplifying and augmenting 
the development of hardware and software for microprocessor- 
based systems. The manual assumes that the reader has a good 
working knowledge of the CDP1800-series microprocessor and 
covers only the operation of the MSE3001 with 1800-series 
Personality Module. 

MPM-243 (8-3/8" x 10-7/8", 84 pages) ...........+.. 00s. $2.00* 


User Manual for the RCA COSMAC Microboard Computer 
Development System (MCDS) CDP18S693 and CDP18S694— 
Describes in detail the hardware structure and the software 
features and commands of the Microboard Computer Develop- 
ment Systems (MCDS) CDP18S693 and CDP18S694. 

MPM-293A (8-3/8” x 10-7/8", 108 pages)............... $10.00* 
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User Manual for the RCA Color Microboard Computer Develop- 
ment System CDP18S695—Describes the hardware structure 
and the software features and commands of the Color Microboard 
Computer Development System CDP18S695. 

MPM-295 (8-3/8”" x 10-7/8", 120 pages) .............44. $10.00* 


Use of BASIC1 Compiler/Interpreter CDP18S834V 4 with the RCA 
MicroDisk Development System MS2000—Similar to the CDP- 
18S834 described in MPM-234, but is supplied on a MicroDisk 
and is designed to run on the RCA MS2000 Mic. oDisk Develop- 
ment System. . 

MPM-834V4 (8-3/8” x 10-7/8", 32 pages) .............05. $2.00* 


VIS Interpreter CDP18S835 User Manual—Describes the inter- 
pretive language developed specifically to support the CDP1869 
and CDP1870/CDP1876, Video Interface System (VIS). The 
source code for this language is provided on diskette. 

MPM-835 (8-3/8” x 10-7/8", 32 pages) ............ eee $2.00* 


VIS Interpreter CDP18S835V2 User Manual—Provides the same 
information as the CDP18S835 except that the source code is 
provided on audio cassette compatible with the CDP18S694 and 
CDP18S695 Development Systems. 

MPM-835V2 (8-3/8" x 10-7/8", 48 pages)................ $2.00* 


BASIC2 High-Level-Language Interpreter CDP18S840 User 
Manual—Describes the BASIC2 language and gives detailed 
operation information for the interpreter. 

MPM-840A (8-3/8” x 10-7/8", 44 pages).............0008 $5.00* 


BASIC3 High-Level-Language Interpreter CDP18S841 User 
Manual—Describes the BASIC3 language and gives detailed 
operation information for the interpreter which is supplied in two 
versions. 

MPM-841A (8-3/8" x 10-7/8", 48 pages)................. $5.00* 


User Manual for the RCA-6800 Series Cross Assemblers CDP- 
188854 and CDP18S854V4— Describes assembly language using 
illustrative examples and Backus-Naur Format (BNF) notation. A 
summary of symbols used in describing instructions used with 
the 6800-Series Cross Assembler, tables of instructions, and 
sample programs are included. 

MPM-854 (8-3/8" x 10-7/8", 48 pages) ........... eee eee $10.00* 


Technical Specifications for the RCA HCMOS Microcomputer 
CDP68HC05C4—Provides a detailed guide to this HCMOS 
microcontroller. It is written for electronics engineers and 
assumes a general familiarity with microcomputers and micro- 
computer programming. Each of the features of the CDP- 
68HC05C4 are described in detail in separate sections of this 
manual. Charts for dynamic and static electrical characteristics 
are also shown. All information and data needed for hardware and 
software design are included in this manual. 

TSM-203 (8-3/8" x 10-7/8", 96 pages)............. 0. ee eee 1.70* 


*Prices are net (U.S. only) and are subject to change without notice at our discretion. 


Supplementary Information 


Sales Offices 


United States 


Canada 


Europe 


Asia Pacific 


Alabama 

RCA 

303 Williams Avenue, 
Suite 133 

Huntsville, AL 35801 
Tel: (205) 533-5200 


Arizona 

RCA 

6900 E. Camelback Road, Suite 
460, Scottsdale, AZ 85251 

Tel: (602) 947-7235 


California 

RCA 

3150 De La Cruz Blvd. 
Bldg. D, Suite 206 
Santa Clara, CA 95050 
Tel: (408) 748-0933 


RCA 

4827 No. Sepulveda Blvd., Suite 
420, Sherman Oaks, CA 91403 
Tel: (213) 468-4200 


RCA 

17731 Irvine Blvd., Suite 104 
Magnolia Plaza Bldg. 
Tustin, CA 92680 

Tel: (714) 832-5302 


Alberta 

RCA Inc. 

6303 30th Street, SE 
Calgary, Alberta T2C I1R4 
Tel: (403) 279-3384 


Colorado 

RCA Corp. 

6767 So. Spruce Street 
Englewood, CO 80112 
Tel: (303) 740-8441 


Florida 

RCA 

P.O. Box 12247 
Lake Park, FL 33403 
Tel: (305) 626-6350 


Georgia 

RCA 

Suite 304 

2872 Woodcock Blvd. 
Atlanta, GA 30341 
Tel: (404) 455-1966 


Illinois 

RCA 

2700 River Road 
Des Plaines IL 60018 
Tel: (312) 391-4380 


Indiana 
RCA 


9240 N. Meridian Street, 


Indianapolis, IN 46260 
Tel: (317) 267-6375 


Kansas 
RCA 


8900 Indian Creek Parkway 


Suite 410 


Overland Park, KS 66210 


Tel: (913) 642-7656 


Massachusetts 
RCA 

20 William Street, 
Wellesley, MA 02181 
Tel: (617) 237-7970 


Michigan 

RCA 

30400 Telegraph Road, 
Birmingham, MI 48010 
Tel: (313) 644-1151 


Minnesota 

RCA 

6750 France Avenue, So., Suite 
122, Minneapolis, MN 55435 
Tek (612) 929-0676 


New Jersey 

RCA 

1998 Springdale Road 
Cherry Hill, NJ 08003 
Tel: (609) 338-5042 


RCA 

67 Walnut Avenue 
Clark, NJ 07066 
Tel: (201) 574-3550 
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New York 

RCA 

160 Perinton Hill Office Park 
Fairport, NY 14450 

Tel: (716) 223-5240 


Ohio 

RCA 

6600 Busch Blvd., Suite 110 
Columbus, OH 43229 

Tel: (614) 436-0036 


Texas 

RCA Center 

4230 LBJ at Midway Road 
Suite 121 

Dallas, TX 75234 
Tel: (214) 661-3515 
Virginia 

RCA 

1901 N. Moore Street 
Arlington, VA 22209 
Tel: (703) 558-4161 


Ontario 
RCA Ine. 


1 Vulcan Street, Rexdale 


Ontario M9W IL3 
Tel: (416) 247-5491 


Ontario Cont'd 
RCA Inc. 

411 Roosevelt Avenue 
Suite 203A, Ottawa 
Ontario K2A 3X9 
Tel: (613) 728-0031 


Belgium 

RCA S.A. 

Mercure Centre 
Rue de la Fusee 100 
1130 Brussels 

Tel: 02/720.89.80 


France 

RCAS.A. 

2-4, Avenue de L’Europe 
78140 Velizy 

Tel: (3) 946.56.56 


Germany 

RCA GmbH 
Pfingstrosenstrasse 29 
8000 Munchen 70 
West Germany 

Tel: 089/714 2036 


RCA GmbH 


Justus-von-Liebig-Ring 10 


2085 Quickborn 
West Germany 
Tel: 04106/613-0 


Germany Cont’d 
RCA GmbH 
Zeppelinstrasse 35 
7302 Ostfildern 4 
West Germany 

Tel: 0711/454001-04 


Italy 

RCA SpA 

Viale Milanofiori LI 
20089 Rozzano (MI) 
Tel: (02) 8242006 


Spain 

RCA S.A. 

Monte Esquinza 28 
28010 Madrid 

Tel: 01/442.13.21 


Sweden 

RCA International LTD 
P.O. Box 3047 
Hagalundsgatan 8 

17103 Solna 3 

Tel: 08/83 42 25 


U.K. 

RCA LTD 

Lincoln Way, Windmill Road 
Sunbury-on-Thames 
Middlesex TW16 7HW 

Tel: 093 27 85511 


Hong Kong 
RCA International, Ltd. 


Japan 
RCA 


Singapore 
RCA International, Ltd. 


Taiwan 
RCA Corporation 


Solid State Division, 24-15 Inter- Solid State Division 
Toranomon 37 Mori Building national Plaza, 10 Anson Road 7th Floor, 97 

5-1, Toranomon 3-Chome Singapore 0207 Nanking East Road, Section 2 
Minato-ku, Tokyo 105 Tel: 2224156/2224157 Taipei 

Tel: (02) 521-8537 


13th Floor, Fourseas Bldg. 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
Tel: 852-3-7236339 


c/o Purchasing Co. 


Latin America 

Mexico 

RCA S.A. de C.V./ 

Solid State Div., Avenida 
Cuitlahuac 2519, Apartado 
Postal 17-570, Mexico 16, D.F. 
Tel: (905) 399-7228 


Argentina Brazil 

Ramiro E. Podetti Reps. SID Distribuidora 

Casilla de Correo 4622 De Componentes LTDA 

1000 Buenos Aires Av. Brig Faria Lima 1476 

Tel: 393-3919 7th Floor, Sao Paulo 01452 
Tel: 210-4033 
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U.S. and Canada 


US. ALABAMA 


Hamilton Avnet Electronics 
4940 Research Drive 
Huntsville, AL 35805 

Tel: (205) 837-7210 


ARIZONA 


Hamilton Avnet Electronics 
$05 South Madison Drive 
Tempe, AZ 8528! 

Tel: (602) 231-5100 


Kierulff Electronics, Inc. 

4134 East Wood Street 
Phoenix, AZ 85040 

Tek: (602) 243-4101 

Schweber Electronics Corp. 
11049 N. 23rd Drive, Suite 1100, 
Phoenix, AZ 85029 

Tel: (602) 997-4874 


Sterling Electronics, Inc. 
3501 E. Broadway Road, 
Phoenix, AZ 85040 
Tel: (602) 268-2121 


Wyle Electronics Marketing Group 
8155 North 24th Avenue 

Phoenix, AZ 8502! 

Tel: (602) 249-2232 


CALIFORNIA 


Arrow Electronics, Inc. 
9511 Ridge Haven Court 
San Diego, CA 92123 
Tel: (714) 565-6928 


Arrow Electronics, Inc. 
§21 Weddell Drive 
Sunnyvale, CA 94086 
Tel: (408) 745-6600 


Arrow Electronics, Inc. 
19748 Dearborn Street 
North Ridge Business Center 
Chatsworth, CA 91311 

Tel: (213) 701-7500 


‘Avnet Electronics 
2050! Plummer Street 
Chatsworth, CA 91311 
Tel: (818) 700-2600 


Avnet Electronics 
350 McCormick Avenue 
Costa Mesa, CA 92626 
Tel: (714) 754-6051 


Hamilton Electro Sales 
3170 Pullman Street 
Costa Mesa, CA 92626 
Tel: (714) 641-4107 


Hamilton Avnet Electronics - 
1175 Bordeaux Drive 
Sunnyvale, CA 94086 

Tel: (408) 743-3300 


Hamilton Avnet Electronics 
4545 Viewridge Avenue 
San Diego, CA 92123 

Tel: (714) 571-7510 


Hamilton Electro Sales 
10912 W. Washington Blvd. 
Culver City, CA 90230 

Tel: (213) 558-2121 
Hamilton Avnet Electronics 
4103 Northgate Boulevard, 
Sacramento, CA 95834 

Tel: (916) 920-3150 


CMOS Microprocessors, Memories and Peripherals 


RCA Authorized Distributors 


Kierulff Electronics, Inc. 
2585 Commerce Way 
Los Angeles, CA 90040 
Tel: (213) 725-0325 


Kierulff Electronics, Inc. 
3969 E. Bayshore Road 
Palo Alto, CA 94303 
Tel: (415) 968-6292 


Kierulff Electronics, Inc. 
8797 Balboa Avenue 
San Diego, CA 92123 
Tel: (714) 278-2112 


Kierulff Electronics, Inc. 
14101 Franklin Avenue 
Tustin, CA 92680 

Tel: (714) 731-5711 


Schweber Electronics Corp. 
17822 Gillette Avenue 
Irvine, CA 92714 

Tel: (714) 863-0200 


Schweber Electronics Corp. 
3110 Patrick Henry Drive 
Santa Clara, CA 95050 
Tel: (408) 748-4700 


Wyle Electronics Marketing Group 
124 Maryland Avenue 

El Segundo, CA 90245 

Tel: (213) 322-8100 


Wyle Electronics Marketing Group 
9525 Chesapeake Drive 

San Diego, CA 92123 

Tel: (714) 565-9171 


Wyle Electronics Marketing Group 
3000 Bowers Avenue 

Santa Clara, CA 95052 

Tel: (408) 727-2500 


Wyle Electronics Marketing Group 
17872 Cowan Avenue 

Irvine, CA 92714 

Tel: (714) 863-9953 


COLORADO 


Arrow Electronics Inc. 
1390 So. Potomac Street 
Suite 136 

Aurora, CO 80012 

Tel: (303) 696-1111 


Hamilton Avnet Electronics 
8765 E. Orchard Road 
Suite 708 

Englewood, CO 80111 

Tel: (303) 740-1000 


Kierulff Electronics, Inc. 

7060 So. Tucson Way 

Englewood, CO 80112 

Tel: (303) 790-4444 

Wyle Electronics Marketing Group 
451 East 124th Avenue 

Thornton, CO 80241 

Tel: (303) 457-9953 


CONNECTICUT 


Arrow Electronics, Inc. 
12 Beaumont Road 
Wallingford, CT 06492 
Tel: (203) 265-7741 


Hamilton Avnet Electronics 
Commerce Drive, 
Commerce Industrial Park, 
Danbury, CT 06810 

Tel: (203) 797-2800. 


Kierulff Electronics, Inc. 

169 North Plains Industrial Road 
Wallingford, CT 06492 

Tel: (203) 265-1115 


Milgray Electronics, Inc. 
378 Boston Post Road 
Orange, CT 06477 

Tel: (203) 795-0711 


Schweber Electronics Corp. 
Finance Drive, 

Commerce Industrial Park, 
Danbury, CT 06810 

Tel: (203) 792-3500 


FLORIDA 


Arrow Electronics, Inc. 

1001 NW 62nd Street, Suite 108 
Ft. Lauderdale, FL 33309 

Tel: (305) 776-7790 

Arrow Electronics, Inc. 

50 Woodlake Dr., West-Bldg. B 
Palm Bay, FL 32905 

Tel: (305) 725-1480 


*Chip Supply 


1607 Forsythe Road 
Orlando, FL 32807 

Tel: (305) 275-3810 
Hamilton Avnet Electronics 
6801 NW 15th Way 

Ft. Lauderdale, FL 33309 
Tel: (305) 971-2900 


Hamilton Avnet Electronics 
3197 Tech Drive, No. 

St. Petersburg, FL 33702 
Tel: (813) 576-3930 


Kierulff Electronics, Inc. 
3247 Tech Drive 

St. Petersburg, FL 33702 
Tel: (813) 576-1966 


Milgray Electronics, Inc. 
1850 Lee World Center 
Suite 104 

Winter Park, FL 32789 
Tel: (305) 647-5747 
Schweber Electronics Corp. 
2830 North 28th Terrace 
Hollywood, FL 33020 

Tel: (305) 927-0511 


GEORGIA 


Arrow Electronics, Inc. 
2979 Pacific Drive 
Norcross, GA 30071 
Tel: (404) 449-8252 


Hamilton Avnet Electronics 
5825D Peach Tree Corners 
Norcross, GA 30092 

Tel: (404) 447-7503 


Schweber Electronics Corp. 
303 Research Drive 

Suite 210 

Norcross, GA 30092 

Tel: (404) 449-9170 


ILLINOIS 


Arrow Electronics, Inc. 
492 Lunt Avenue 
Schaumburg, IL 60193 
Tel: (312) 397-3440 


*Chip distributor only. 
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RCA Authorized Distributors 


U.S. and Canada (Cont'd) 


US. ILLINOIS 


Hamilton Avnet Electronics 
1130 Thorndale Avenue 
Bensenville, IL 60106 

Tel: (312) 860-7700 


Kierulff Electronics, Inc. 
1536 Landmeier Road 

Elk Grove Village, IL 60007 
Tel: (312) 640-0200 


Newark Electronics 

$00 North Pulaski Road 
Chicago, IL 60624 

Tel: (312) 638-4411 


Schweber Electronics Corp. 
904 Cambridge Drive 

Elk Grove Village, IL 60007 
Tel: (312) 364-3750 


INDIANA 


Arrow Electronics, Inc. 
2718 Rand Road 
Indianapolis, IN 46241 
Tel: (317) 243-9353 


Graham Electronics Supply, 
Inc. 

133 S. Pennsylvania Street 
Indianapolis, IN 46204 

Tel: (317) 634-8202 


Hamilton Avnet Electronics, 
Inc. 

485 Gradle Drive 

Carmel, IN 46032 

Tel: (317) 844-9333 


KANSAS 


Hamilton Avnet Electronics 
9219 Quivira Road 
Overland Park, KS 66215 
Tel: (913) 888-8900 


Milgray Electronics, Inc. 
690! W. 63rd Street 
Overland Park, KS 66202 
Tel: (913) 236-8800 


MARYLAND 


Arrow Electronics, Inc. 
4801 Benson Avenue 
Baltimore, MD 21227 

Tel: (301) 247-5200 
Hamilton Avnet Electronics 
6822 Oakhill Lane 
Columbia, MD 21045 

Tel: (301) 995-3500 


Pyttronic Industries, Inc. 
Baltimore/ Washington 
Dist. Center 

8220 Wellmoor Court 
Savage, MD 20863 

Tel: (301) 792-0780 


Schweber Electronics Corp. 
9330 Gaithers Road 
Gaithersburg, MD 20877 
Tel: (301) 840-5900 


Zebra Electronics, Inc. 
2400 York Road 
Timonium, MD 21093 
Tel: (301) 252-6576 
MASSACHUSETTS 
Arrow Electronics, Inc. 
Arrow Drive 
Woburn, MA 01801 
Tel: (617) 933-8130 


Hamilton Avnet Electronics 
50 Tower Office Park 
Woburn, MA 01801 

Tel: (617) 935-9700 


*Hybrid Components Inc. 
140 Elliot Street 
Beverly, MA 01915 
Tel: (617) 927-5820 


Kierulff Electronics, Inc. 
13 Fortune Drive 
Billerica, MA 01821 

Tel: (617) 667-8331 


A. W. Mayer Co. 
34 Linnell Circle 
Billerica, MA 01821 
Tel: (617) 229-2255 


Schweber Electronics Corp. 
265 Ballardvale Street 
Wilmington, MA 01887 
Tel: (617) 275-5100 


*SerTech 
One Peabody Street 
Salem, MA 01970 
Tel: (617) 745-2450 


Sterling Electronics, Inc. 
41! Waverly Oaks Road 
Waltham, MA 02154 
Tel: (617) 894-6200 


MICHIGAN 


Arrow Electronics, Inc. 
3810 Varsity Drive 
Ann Arbor, MI 48104 
Tek: (313) 971-8220 


Hamilton Avnet Electronics 
2215 29th Street 

Grand Rapids, MI 49503 
Tel: (616) 243-8805 


Hamilton Avnet Electronics 
32487 Schoolcraft Road 
Livonia, MI 48150 

Tel: (313) 522-4700 


Schweber Electronics Corp. 
12060 Hubbard Avenue 
Livonia, MI 48150 

Tek: (313) 525-8100 


MINNESOTA 


Arrow Electronics, Inc. 
5230 West 73rd Street 
Edina, MN 55435 

Tel: (612) 830-1800 


Hamilton Avnet Electronics 
10300 Bren Road, East 
Minnetonka, MN 55343 
Tel: (612) 932-0600 
Kierulff Electronics, Inc. 
7667 Cahill Road 

Edina, MN 55435 

Tel: (612) 941-7500 
Schweber Electronics Corp. 
7424 W. 78th Street 

Edina, MN 55435 

Tel: (612) 941-5280 


MISSOURI 


Arrow Electronics, Inc. 
2380 Schultz Road 

St. Louis, MO 63141 
Tel: (314) 567-6888 


*Chip distributor only. 
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Hamilton Avnet Electronics 
13743 Shoreline Court East 
Earth City, MO 63045 

Tel: (314) 344-1200 

Kierulff Electronics, Inc. 

2608 Metro Park Boulevard 
Maryland Heights, MO 63043 
Tel: (314) 739-0855 


NEW HAMPSHIRE 


Arrow Electronics, Inc. 
One Perimeter Drive 
Manchester, NH 03103 
Tel: (603) 668-6968 


NEW JERSEY 


Arrow Electronics, Inc. 
6000 Lincoln Dr. East 
Marlton, NJ 08053 
Tel: (609) 596-8000 


Arrow Electronics, Inc. 
Two Industrial Road 
Fairfield, NJ 07006 

Tel: (201) 575-5300 
Hamilton Avnet Electronics 
Ten Industrial Road 
Fairfield, NJ 07006 

Tel: (201) 575-3390 


Hamilton Avnet Electronics 
One Keystone Avenue 
Cherry Hill, NJ 08003 

Tel: (609) 424-0110 


Kierulff Electronics, Inc. 
37 Kulick Road 
Fairfield, NJ 07006 

Tel: (201) 575-6750 


Schweber Electronics Corp. 
18 Madison Road 

Fairfield, NJ 07006 

Tel: (201) 227-7880 


NEW MEXICO 


Arrow Electronics, Inc. 
2460 Alamo, SE 
Albuquerque, NM 87106 
Tel: (505) 243-4566 


Hamilton Avnet Electronics 
2524 Baylor S.E. 
Albuquerque, NM 87106 
Tel: (505) 765-1500 
Sterling Electronics, Inc. 
3540 Pan American 
Freeway, N.E. 
Albuquerque, NM 87107 
Tel: (505) 884-1900 


NEW YORK 


Arrow Electronics, Inc. 

20 Oser Avenue 
Hauppauge, L.I., NY 11788 
Tel: (516) 231-1000 

Arrow Electronics, Inc. 
7705 Maltlage Drive 
Liverpool, NY 13088 

Tel: (315) 652-1000 


Arrow Electronics, Inc. 
25 Hub Drive 

Melville, LI, NY 11747 
Tel: (516) 391-1640 


Arrow Electronics, Inc. 
3000 South Winton Road 
Rochester, NY 14623 
Tel: (716) 275-0300 
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RCA Authorized Distributors 
U.S. and Canada (Cont'd) 


US. 


NEW YORK 


Hamilton Avnet Electronics 
933 Motor Parkway 
Hauppauge, L.I., NY 11788 
Tel: (516) 231-9800 


Hamilton Avnet Electronics 
333 Metro Park 

Rochester, NY 14623 

Tel: (716) 475-9130 


Hamilton Avnet Electronics 
16 Corporate Circle 

East Syracuse, NY 13057 
Tel: (315) 437-2641 


Milgray Electronics, Inc. 

77 Schmitt Blvd. 
Farmingdale, L.I., NY 11735 
Tel: (516) 420-9800 


Schweber Electronics Corp. 
Two Townline Circle 
Rochester, NY 14623 

Tel: (716) 424-2222 
Schweber Electronics Corp. 
Jericho Turnpike 
Westbury, L.I., NY 11590 
Tel: (516) 334-7474 
Summit Distributors, Inc. 
916 Main Street 

Buffalo, NY 14202 

Tel: (716) 884-3450 


NORTH CAROLINA 


Arrow Electronics, Inc. 
5240 Greensdairy Road 
Raleigh, NC 27604 
Tel: (919) 876-3132 


Hamilton Avnet Electronics 
3510 Spring Forest Road 
Raleigh, NC 27604 

Tel: (919) 878-0810 

Kierulff Electronics Inc. 

One North Commerce Center 
5249 North Boulevard 
Raleigh, NC 27604 

Tel: (919) 872-8410 


Schweber Electronics Corp. 
5285 North Boulevard 
Raleigh, NC 27604 

Tel: (919) 876-0000 


OHIO 


Arrow Electronics, Inc. 
7620 McEwen Road 
Centerville, OH 45459 
Tel: (513) 435-5563 


Arrow Electronics, Inc. 
6238 Cochran Road 
Solon, OH 44139 

Tel: (216) 248-3990 


Hamilton Avnet Electronics, 
Inc. 


4588 Emery Industrial Parkway 


Warrensville Hts.. OH 44128 
Tel: (216) 831-3500 
Hamilton Avnet Electronics 
954 Senate Drive 

Dayton, OH 45459 

Tel: (513) 433-0610 
Hughes-Peters, Inc. 

481 East Eleventh Avenue 
Columbus, OH 43211 

Tel: (614) 294-5351 


Kierulff Electronics, Inc. 
23060 Miles Road 
Cleveland, OH 44128 
Tel: (216) 587-6558 


Schweber Electronics Corp. 
23880 Commerce Park Road 
Beachwood, OH 44122 

Tel: (216) 464-2970 


OKLAHOMA 


Kierulff Electronics, Inc. 
Metro Park 12318 East 60th 
Tulsa, OK 74145 

Tel: (918) 252-7537 


OREGON 


Hamilton Avnet Electronics 

6024 S.W. Jean Road, 

Bldg. B-Suite J, 

Lake Oswego, OR 97034 

Tel: (503) 635-8157 

Wyle Electronics Marketing Group 
5289 N.E. Ezram Young Parkway 
Hillsboro, OR 97123 

Tel: (503) 640-6000 


PENNSYLVANIA 


Arrow Electronics, Inc. 
650 Seco Road 
Monroeville, PA 15146 
Tel: (412) 856-7000 
Herbach & Rademan, Inc. 
401 East Erie Avenue 
Philadelphia, PA 19134 
Tel: (215) 426-1700 
Schweber Electronics Corp. 
231 Gibralter Road 
Horsham, PA 19044 

Tel: (215) 441-0600 


TEXAS 


Arrow Electronics, Inc. 
13715 Gamma Road 
Dallas, TX 75234 

Tel: (214) 386-7500 


Arrow Electronics, Inc. 

10899 Kinghurst Dr., Suite 100 
Houston, TX 77099 

Tel: (713) 530-4700 


Hamilton Avnet Electronics 
2401 Rutland Drive 

Austin, TX 78758 

Tel: (512) 837-8911 


Hamilton Avnet Electronics 
2111 West Walnut Hill Lane 
Irving, TX 75060 

Tel: (214) 659-4111 


Hamilton Avnet Electronics 
8750 Westpark 

Houston, TX 77063 

Tel: (713) 975-3515 


Kierulff Electronics, Inc. 

3007 Longhorn Blvd., Suite 105 
Austin, TX 78758 

Tel: (512) 835-2090 

Kierulff Electronics, Inc. 

9610 Skillman Avenue 

Dallas, TX 75243 

Tel: (214) 343-2400 
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Kierulff Electronics, Inc. 

10415 Landsbury Drive, Suite 210 
Houston, TX 77099 

Tel: (713) 530-7030 


Schweber Electronics Corp. 
4202 Beltway, 

Dallas, TX 75234 

Tel: (214) 661-5010 


Schweber Electronics Corp. 
10625 Richmond Ste. 100 
Houston, TX 77042 

Tel: (713) 784-3600 


Sterling Electronics, Inc. 
2335A Kramer Lane, Suite A 
Austin, TX 78758 

Tel: (512) 836-1341 


Sterling Electronics, Inc. 
11090 Stemmons Freeway 
Stemmons at Southwell 
Dallas, TX 75229 

Tel: (214) 243-1600 


Sterling Electronics, Inc. 
4201 Southwest Freeway 
Houston, TX 77027 
Tel: (713) 627-9800 


Wyle Electronics Marketing Group 
1840 Greenville Avenue 
Richardson, TX 75081 

Tel: (214) 235-9953 


UTAH 


Hamilton Avnet Electronics 
1585 West 2100 South 

Salt Lake City, UT 84119 
Tel: (801) 972-2800 


Kierulff Electronics, Inc. 
2121S. 3600 West Street 
Salt Lake City, UT 84119 
Tel: (801) 973-6913 


Wyle Electronics Marketing Group 
1959 South 4130 West Unit B 

Salt Lake City, UT 84104 

Tel: (801) 974-9953 


WASHINGTON 


Arrow Electronics, Inc. 
14320 N.E. 2Ist Street 
Bellevue, WA 98005 
Tel: (206) 643-4800 


Hamilton Avnet Electronics 
14212 N.E, 2Ist Street 
Bellevue, WA 98005 

Tel: (206) 453-5874 


Kierulff Electronics, Inc. 
1005 Andover Park E. 
Tukwila, WA 98188 

Tel: (206) 575-4420 
Robert E. Priebe Co. 
2211 Fifth Avenue 
Seattle, WA 98121 

Tel: (206) 682-8242 


Wyle Electronics Marketing Group 
1750 132nd Avenue, N.E. 

Bellevue, WA 98005 

Tel: (206) 453-8300 


WISCONSIN 


Arrow Electronics, Inc. 
434 West Rawson Avenue. 
Oak Creek, WI 53154 

Tel: (414) 764-6600 


Supplementary Information 


RCA Authorized Distributors 


U.S. and Canada (Cont'd) 


US. WISCONSIN 


Hamilton Avnet Electronics 
2975 South Moorland Road 
New Berlin, WI 53151 

Tel: (414) 784-4510 


Canada = Alberta 
Hamilton Avnet Elec. 
2816 21st St. N.E., Calgary 
Alberta, T2E 6Z2 
Tel: (403) 230-3586 


L. A. Varah, Ltd. 

6420 6A Street SE, 
Calgary, Alberta T2H ZB7 
Tel: (403) 255-9550 


British Columbia 
L. A. Varah, Ltd. 
2077 Alberta Street, 
Vancouver, B.C. VSY 1C4 
Tel: (604) 873-3211 


R.A.E. Industrial Electronics, 
Ltd. 

3455 Gardner Court, Burnaby, 
B.C. VSG 4J7 

Tel: (604) 291-8866 


Europe, Middle East, and Africa 


Austria TVG 


Transistor Vertriebsgesellschaft 


mbH & Co KG 
Auhofstrasse 41A 
1130 Vienna 

Tel: (0222)8294510 


Belgium Inelco Belgium S.A. 


Avenue des Croix de Guerre 94 


1120 Brussels 
Tel: 02/216 01 60 


Denmark Tage Olsen A/S 
P.O. Box 225 
2750 Ballerup 
Tel: 02/65 81 11 


Egypt Sakrco Enterprises 
P.O. Box 1133, 
37 Kasr El Nil Street, Apt. 5 
Cairo 
Tel: 744440 
Ethiopia General Trading Agency 
P.O. Box 1684 
Addis Ababa 
Tek: 132718-137275 
Finland Telercas OY 
P.O. Box 33 
04201 Kerava 
Tel: 0/248.055 


France Almex S.A. 
48, rue de l’Aubepine, 
92160 Antony 
Tel: (1) 666 21 12 
*Hybritech 
Route de Bua 
ZAC des Godets 
91370 Verrieres-Le-Buisson 
Tel: (6) 928 10 00 


*Chip Specialist 


Kierulff Electronics, Inc. 
2236G West Bluemond Road 
Waukesha, WI 53186 

Tel: (414) 784-8160 


Manitoba 


L. A. Varah, Ltd. 

#12 1832 King Edward Street 
Winnipeg, Manitoba R2R ON! 
Tel: (204) 633-6190 


Ontario 


Cesco Electronics Ltd. 

24 Martin Ross Road 
Downsview, Ontario M3J 2K9 
Tel: (416) 661-0220 

Electro Sonic, Inc. 

1100 Gordon Baker Road 
Willowdale, Ontario M2H 3B3 
Tel: (416) 494-1666 


Hamilton Avnet (Canada) Ltd. 
6845 Rexwood Drive 

Units 3,4,5 

Mississauga, Ontario L4V 1M5 
Tel: (416) 677-7432 


Radio Equipments 
Antares S.A. 

9, rue Ernest Cognacq 
92301 Levallois Perret 
Tel: (1) 758 11 11 


Tekelec Airtronic S.A. 
Cite des Bruyeres, 
Rue Carle Vernet, 
92310 Sevres 

Tel: (1) 534.75.35 


Alfred Neye Enatechnik GmbH 
Schillerstrasse }4, 

2085 Quickborn 

West Germany 

Tel: 04106/6120 


Asternetics GmbH 
Lindenring 3 

8021 Taufkirchen 

Tel: 089/61 21007 


Beck GmbH & Co. 
Elektronik Bauelemente KG 
Eltersdorfer Strasse 7, 

8500 Nurnberg 91 

West Germany 

Tel: 0911/34961-66 


ECS Hilmar Frehsdorf GmbH 
Electronic Components Service 
Carl-Zeiss Strasse 3 

2085 Quickborn 

West Germany 

Tel: 04106/71058-59 

Elkose GmbH 

Bahnhofstrasse 44, 

7141 Moglingen 

West Germany 

Tel: 07141/487-1 


@ High-Rel Specialist 


Greece 


Hungary 


Iceland 


Israel 


Italy 


Taylor Electric Company 
1000 W. Donges.Bay Road 
Mequon, WI 53092 

Tel: (414) 241-4321 


Hamilton Avnet (Canada) Ltd. 
210 Colonnade Street 

Nepean, Ontario K2E 7L5 

Tel: (613) 226-1700 

L. A. Varah, Ltd. 

505 Kenara Avenue, Hamilton, 
Ontario L8E 1J8 

Tel: (416) 561-9311 


Quebec 


Cesco Electronics, Ltd. 

4050 Jean Talo Street, West 
Montreal, Quebec H4P 1 WI 
Tel: (514) 735-5511 


Hamilton Avnet (Canada) Ltd. 
2670 Sabourin Street, St. 
Laurent, Quebec H4S 1M2 
Tel: (514) 331-6443 


Sasco GmbH 
Hermann-Oberth-Strasse 16 
8011 Putzbrunn bei Munchen 
West Germany 

Tel: 089/46111 


Spoerle Electronic KG 
Max-Planck Strasse 1-3, 
6072 Dreieich bei Frankfurt 
West Germany 

Tel: 06103/3041 

Semicon Co. 

104 Aeolou Str. 

TT 131 Athens 

Tel: 3253626 


Hungagent 
P.O. Box 542 
1374 Budapest 
Tel: 01/669-385 


Georg Amundason 
P.O. Box 698, Reykjavik 
Tel: 81180 


Aviv Electronics 

Kehilat Venezia Street 12 
69010 Tel-Aviv 

Tel: 03-494450 


Eledra 3S SpA 

Viale Elvezia 18, 
20154, Milano 

Tel: (02) 349 751 
IDAC Elettronica SpA 
Via Verona 8, 

35010 Busa di Vigonza 
Tel: (049) 72.56.99 
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Italy LASI Elettronica SpA 
Viale Lombardia 1 
20092 Cinisello 
Balsamo (MI) 
Tel: (02) 61.20.441-5 


Silverstar Ltd. 

Via dei Gracchi 20, 
20146 Milano 

Tel: (02) 49 96 


Kuwait Morad Yousuf Behbehani 
P.O. Box 146 
Kuwait 
Morocco Societe d’Equipement Mecanique 


et Electrique SA (S.E.M.E.) 


rue Ibn Batouta 29 
Casablanca 
Tel: (212) 22.08.65 


The Koning en Hartman 
Netherlands Elektrotechniek BV 
P.O. Box 43220 


NL - 2504 AE The Hague 


Tel: 70-210101 


Vekano BV 

Postbus 6115, 

5600 HC Eindhoven 
Tel: (40) 81 09 75 


Norway National Elektro A/S 


P.O. Box 53, Ulvenveien 75 


Okern, Oslo 5 
Tel: (472) 64 49 70 


Asia Pacific 


Australia AWA Microelectronics 


348 Victoria Road 


Rydalmere N.S.W. 2116 


Amtreon Tyree Pty. Ltd. 
176 Botany Street, Waterloo, 


N.S.W. 2017 


Bangladesh Electronic Engineers & 


Consultants Ltd. 


103 Elephant Road, Ist Floor 


Dacca 5 


Hong Kong Gibb Livingston & Co., Ltd. 


77 Leighton Road 
Leighton Centre 

P.O. Box 55 

Hong Kong Electronic 
Components Co. 


Flat A Yun Kai Bldg. 1/ Fl 


466-472 Nathan Road 
Kowloon 


India Photophone Ltd. 


179-5 Second Cross Road 
Lower Palace Orchards 


Bangalore 560 003 


Indonesia NVPD Soedarpo Corp. 
Samudera Indonesia Building 


JL Letten, Jen. S 
Parman No. 35 Slipi 
Jakarta Barat 
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RCA Authorized Distributors 
Europe, Middle East, and Africa(Cont’d) 


Cristalonica 

Componentes de Radio 

e Televisao, Lda 

Rua Bernardim Ribeiro, 25 
1100 Lisbon 

Tel: (019) 53 46 31 


Allied Electronic 
Components (PTY) Ltd. 
P.O. Box 6387 
Dunswart 1508 

Tel: (011) 528-661 


Kontron S.A. 
Salvatierra 4 
Madrid 34 

Tel: 1/729.11.55 


Ferner Electronics AB 
Snormakarvagen 35 

P.O. Box 125 

16126 Bromma Stockholm 
Tel: 08/80 25 40 


Baerlocher AG 
Forrlibuckstrasse 110 
8005 Zurich 

Tel: (01) 42 99 00 


Teknim Company Ltd. 
Riza Sah Pehlevi Caddesi 7 
Kavaklidere Ankara 

Tei: 27.58.00 


ACCESS Electronic Components 
Ltd. 

Austin House, Bridge Street 
Hitchin, Hertfordshire SGS 2DE 
Tel: Hitchin (0462) 31 221 


Okura & Company Ltd. 
3-6 Ginza, Nichome, Chuo-Ku 
Tokyo 104 


Panwest Company, Ltd. 

C.P.O. Box 3358 

Room 603, Sam Duk Building 
131, Da-Dong, Chung-Ku 
Seoul, Republic of South Korea 


Continental Commercial 
Distributors 

Durbar Marg. 
Kathmandu 


AWA NZ Ltd. 
N.Z. P.O. Box 50-248 
Porirua 


Philippine Electronics Inc. 
P.O. Box 498 

3rd Floor, Rose 

Industrial Bldg., 11 Pioneer St. 
Pasig, Metro Manila 
Semitronics Philippines 

216 Ortego Street 

San Juan 3134, Metro Manila 


Yugoslavia 


Zambia 


Zimbabwe 


Singapore 


Sri Lanka 


Taiwan 


Thailand 


Gothic Crellon Electronics Ltd. 
380 Bath Road, 

Slough, Berks SLI 6JE 

Tel: Burnham (06286) 4434 


Jermyn Distribution 

Vestry Industrial Estate 
Sevenoaks, Kent TN14 5EU 
Tel: Sevenoaks (0732) 450144 
Macro Marketing Ltd. 
Burnham Lane 

Slough, Berkshire SLI 6LN 
Tel: Burnham (06286) 4422 


+Power Technology Ltd. 
Norbain House 
Boulton Road 
Reading, Berkshire RG2 OLT 
Tel: (0734) 866766 
STC Electronics Services 
Edinburgh Way 
Harlow, Essex, CM20 2DF 
Tel: Harlow (0279) 26777 


VSI Electronics Ltd. 
Roydonbury Industrial Park 
Horsecroft Road 

Harlow, Essex CM19 SBY 
Tel: Harlow (0279) 29666 


Avtotehna 

P.O. Box 593, Celovska 175 
61000 Ljubljana 

Tel: (061) 552 341 


- African Technical Associates Ltd. 


Stand 5196 Luanshya Road 
Lusaka 

BAK Electrical Holdings (Pvt) Ltd. 
30 Pioneer Street 

Harare 


+Power Specialist 


Device Electronics Pte. Ltd. 
101 Kitchener Road No. 02-04 
Singapore 0820 


Microtronics Asso. Pte. Ltd. 
Block 1003, Unit 35B 
Aljunied Avenue 5 
Singapore 1438 


C.W. Mackie & Co. Ltd. 

36 D.R. Wijewardena Mawatha 
Colombo 10 

Delta Engineering Ltd. 

No. 42 Hsu Chang Street 

8th Floor, Taipei 


Multitech International Corp. 
No. 315, Fu Shing North Road 
Taipei . 

Anglo Thai Engineering Ltd. 
2160 Ramkambaeng Road 
Highway Hua Mark, Bangkok 
Better Pro Co. Ltd. 


71 Chakkawat Road 
Wat Tuk, Bangkok 


Supplementary Information 


RCA Authorized Distributors 


Latin America 


Argentina 


Brazil 


Chile 


Colombia 


Costa Rica 


Dominican 
Republic 


Eneka S.A.I1.C.F.I. 
Tucuman 299, 
1049 Buenos Aires 
Tel: 31-3363 


Radiocom S.A. 
Conesa 1003, 

1426 Buenos Aires 
Tel: 551-2780 


Tecnos S.R.L. 
Independencia 1861 
1225 Buenos Aires 
Tel: 37-0239 


Commercial Bezerra Ltda. 
Rua Costa Azevedo, 139, 

CEP-69.000 Manaus/ AM 
Tel: (092) 232-5363 


Panamericana Comercial 
Importadora Ltda. 

Rua Aurora, 263, 

01209, Sao Paulo, SP 
Tel: (011) 222-3211 


Raylex Ltda. 

Av Providencia 1244, 
Depto.D, 3er Piso 
Casilla 13373, Santiago 
Tel: 749835 


Industria de Radio y 
Television S.A. (IRT) 
Vic. MacKenna 3333 
Casilla 170-D, Santiago 
Tel: 561667 


Miguel Antonio Pena Pena 
Y Cia. S. En C. 

Carrera 12 #1906 

Bogota 

Tel: 243-7317 


Electronica Moderna 
Carrera 9A, NRO 19-52 
Apartado Aereo 5361 
Bogota, D.E.| 

Tel: 822286 


J. G. Valldeperas, S.A. 
Calle 1, Avenidas 1-3, 
Apartado Postal 3923 

San Jose 

Tel: 32-36-14 

Humberto Garcia, C. por A. 
El Conde 366 

Apartado de Correos 771 
Santo Domingo 

Tel: 682-3645 


Ecuador 


EI Salvador 


Guatemala 


Haiti 


Honduras 


Mexico 


Elecom, S.A. 

Padre Solano 202-OF. 8, 
P.O. Box 9611, Guayaquil 
Tel: 307786 


Radio Electrica, S.A. 
4A Avenida Sur Nb. 228 
San Salvador 

Tel: 21-5609 


Radio Parts, S.A. 

2A C. O. No. 319 Postal la 
Dalia, P.O. Box 1262 

San Salvador 

Tel: 21-3019 


Electronica Guatemalteca 
13 Calle 5-59, Zona | 
P.O. Box 514 

Guatemala City 

Tel: 25-649 
Tele-Equipos, S.A. 

10A Calle 5-40, Zona | 
Apartado Postal 1798 
Guatemala City 

Tel: 29-805 


Societe Haitienne 
D’Automobiles, S.A. 
P.O. Box 428, 
Port-Au-Prince 

Tel: 2-2347 


Francisco J. Yones 

3A Avenida S.O. 5 

San Pedro Sula, 

Honduras, Central America 
Tel: 543001 


Electronica Remberg, S.A. 
de C.V. 

Republica del Salvador No. 
30-102, Mexico City 1, D.F. 
Tel: 510-47-49 

Mexicana de Bulbos, S.A. 
Michoacan No. 30 

Mexico 11, D.F. 

Tel: 564-92-33 


Partes Electronicas, S.A. 


Republica Del Salvador 30-501 


Mexico City 
Tel: (905) 585-3640 


Raytel, S.A. 
Sullivan 47 Y 49 
Mexico 4, D.F. 
Tel: 566-67-86 


Nicaragua 


Panama 


Paraguay 


Peru 


Surinam 


Trinidad 


Uruguay 


Venezuela 


West Indies 
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Comercial F. A. Mendieta, S.A. 
Apartado Postal No. 1956 
C.S.T. 5c Al Sur 2c 1/2 Abajo 
Managua 

Tel: 61406 


Tropelco, S.A. 

P.O. Box 8465 

Via Espana 20-18, Panama 7 
Rep. de Panama 


Compania Comercial Del 
Paraguay, S.A. 

Casilla de Correo 344 
Chile 877, Asuncion 

Tel: 91-460 


Arven S.A. 

PSJ Adan Mejia 103, OF. 33— 
Lima I1 

Tel: 716229 


Kirpalani’s Ltd 

17-27 Maagdenstreet, 

P.O. Box 251, Paramaribo 
Tel: 71-400 


Surinam Electronics 
Keizerstreet 206 
P.O. Box 412 
Paramaribo 

Tel: 76-555 


Kirpalani’s Limited 
Kirpalani’s Komplex 
Churchill Roosevelt Highway 
San Juan, Port-of-Spain 
Tel: 638-2224/9 
American Products S.A. 
(APSA) 

Casilla de Correo 1438 
Canelones 1133 
Montevideo 

Tel: 594210 


P. Benavides, P., S.R.L. 
Residencies Camarat, Local 7 
La Candelaria, Caracas 
MAIL ADDRESS: Apartado 
Postal 20.249 

San Martin, Caracas 

Tel: (58-2) 571-21-46 

Da Costa and Musson Ltda. 
Carlisle House 

Hincks Street 

P.O. Box 103 

Bridgetown, Barbados 

Tel: 608-50 
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Alabama 
Electronic Sales, Inc.(ESI) 
303 Williams Avenue 
Suite 422 
Huntsville, AL 35801 
Tel: (205) 533-1735 


California 
CK Associates ; 
8333 Clairemont Mesa Blvd. 
Suite 102 
San Diego, CA 92111 
Tel: (619) 279-0420 


Connecticut 
New England Technical Sales 
(NETS) 
240 Pomeroy Avenue 
Meriden, CT 06450 
Tel: (203) 237-8827 


Florida 
G.F. Bohman Assoc., Inc. 
130 N. Park Avenue 
Apopka, FL. 32703 
Tel: (305) 886-1882 


G.F. Bohman Assoc., Inc. 
2020 W. McNab Road 
Ft. Lauderdale, FL 33309 
Tel: (305) 979-0008 — 


Georgia 
Electronic Sales, Inc.(ESI) 
3188 Terrace Court 
Norcross, GA 30092 
Tel: (404) 448-6554 


Kansas © 
Electri-Rep 
7070 W. 107th Street 
Suite 160 
Overland Park, KS 66212 
Tel: (913) 649-2168 


Massachusetts 
New England Technical Sales 
(NETS) 
135 Cambridge Street 
Burlington, MA 01803 
Tel: (617) 272-0434 


Minnesota 


Comprehensive Technical Sales 


8053 Bloomington Freeway 
Minneapolis, MN 55420 
Tel: (612) 888-7011 


New Jersey 
Astrorep, Inc. 
717 Convery Blvd. 
Perth Amboy, NJ 08861 
Tel: (201) 826-8050 


New York 
Astrorep, Inc. 
103 Cooper Street 
Babylon, L.I., NY 11704 
Tel: (516) 422-2500 
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RCA Manufacturers’ Representatives 


North Carolina 
Electronic Sales, Inc.(ESI) 
1209 H Village Greenway 
Cary, NC 27511 
Tel: (919) 467-8486 


Ohio 
Lyons Corporation 
4812 Frederick Road 
Suite 101 
Dayton, OH 45414 
Tel: (513) 278-0714 


Lyons Corporation 

4615 W. Streetsboro Road 
Richfield. OH 44286 

Tel: (216) 659-9224 


Utah 
Simpson Assocs. 
7324 So. 1300 E. 
Suite 350 
Midvale, UT 84047 
Tel: (801) 566-3691 


Washington 
Vantage Corp. 
300 120th Avenue N.E. 
Bldg. 7, Suite 207 
Bellevue, WA 98005 
Tel: (206) 455-3460 
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